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I. COMMUNICATICNS IN VIETNAM 


Communications in the Republic of Vietnam (RVN) encompasses everything 

from the AN/PRC-6 to the REL-2600. It is little wonder that the newly 
arrived communicator finds himself swamped by a virtual flood of new terms 
and unfamiliar items of equipment. In this chapter we intend to discuss 
the detailed development of the transportable and fixed-station portion 

of Vietnam communications. This discussion will include at least a general 
introduction to the major items of equipment found in this portion of the 
communications system. Of prime interest in this general survey of Vietnam 
communications will be the ICS, 


A. INTRODUCTION: 
1. What is the ICS? 


The ICS is the Integrated Comaunications System installed in Southeast 
Asia in support of Free World Military Allied Forces, It provides multi- 
channel voice, teletypewriter and data communications. The ICS has been 
especially designed for optimum performance in this region and has the 
necessary flexibility to respond to command and control recuirements in 
an ever-changing combat environment. 


2. General Background: 


The ICS was conceived by CINCPAC in the summer of 1964 and submitted 

to the JCS in October 1964, the proposal prepared as a DCA system plan in 
December was approved in principle by the Deputy Secretary of Defense in 
April 1965. It was developed as a Department of the Army Telecommunications 
Program Objective (TPO) in June 1965, The ICS was finally approved by the 
Deputy Secretary in August 1965, Contracts were awarded in September to 
Page Communications Engineering, Inc. of Washington, D.C. for the Vietnam 
portion (Area I) and to Philco-Ford Corporation of Philadelphia for the 
Thailand portion (Area II). The basic ICS ig commonly referred to as Phase 
I. In January and February two expansions to the ICS were approved by the 
Deputy Secretary of Defense. These two expansions are commonly referred to 
as Phase II, Further expamsion referred to as Phase III was approved in 
August 1966, 


3. Southeast Asia Mainline Communications: 


The ICS constitutes the backbone of U.S. Military Communications in SEA. 
Its purpose is to increase the overall capacity and quality of the exist= 
ing communications systems by extending, upgrading and expanding the tac- 
tical and transportable communications facilities. 


The ICS makes use of the most advanced techniques and equipment available 
such as high quality microwave systems that will function in line:of sight, 


diffraction er troposcatter vropagation modes, An exoansion capability 

provides for future increases in chennel requirements anc for extensions a 
into tactical systems. The mainline and spur links of the ICS total 9 
approximately 470,000 cirevit miles. 


The ICS is composed of a series of wideband radio links between mainline 
stations, with spurs to subscribers at fixed locations, The trunking 
capability can be extended to tactical systems throvgh the terminating 
facilities which have been installed at each staticn. 


Diversified signalling ecuipment throughout the system permits extension 

of customer service regardless of the signalling method used on the subd- 
scriber links. Conditioning equipment is available in the system for 
interface requirements. The arrangements for future expansion and changing 
requirements incluce complete flexibility in the use of the various tyves 

of multiplex equipment. Technical control facilities are provided for all 
ICS stations. Selected stations have been equipved with master alarm systems 
and status disrlays to permit control and supervision of the entire network 
in each area. 


B. HISTORY CF INITIAL VIETVAM COMMUNICATIONS : 
1. "BACKPORCH" and "WET WASH": 


The initial long lines system in Vietnam consisted of several vars -mounted, 
transportable troposcatter systems installed by the Air Force in 1962, 
utilizing AN/RC-85 equipment. 


These were turned over to the army in July 1963, and operated initially J 
by the 362D Signal Co. (Tropo). 


In December of 1964, the Wet Wash undersea cable from the Philippine 
Islands was extended into Nha Trang, At Clark, circuits from this cable 
are routed over the transpacific cable to Hawaii where access to the US 
AUTOVON system is obtained. To provide access to this cable from the 
Saigon area, another AN/MRC-85 system was installed between Phu Lam and 
Nha Trang. This AN/MRC-85 system, which is still operational, has been 
called the "Wet Wash Tropo System", 


In September 1945, another AN/MRC-85 link was added between Pleiku and 
Danang. To improve propagation, the Danang terminal was later moved to 
Monkey Mountain and extended down to Danang by an AN/TRC-29 transportable 
microwave system. 


This, then, is what is commonly referred to as the "Backporch" and "Wet 
Wash" systems, the backbone of Vietnam communications until augmented 
by the Integrated Communications System (ICS) in 1967. 

2. AN/MRC-98 System: 


In October 1965, two (2) AN/IRC-98 links were added between Ubon and 
Monkey Mountain, and between Cam Ranh Bay and Vung Tau, The AN/RC-98 


is similar to the AN/‘RC-85 in equipment and operation, the major 
difference being that it provides only 60 channels of AN/FCC-17 multi- 
plex as compared to the 72 channel AN/MRC-85,. 


3. LRC-3 Systen: 


In 1965, a contract was let with Philco-Ford Corporation to establish 

an L3C-3 ("Land Radio, Commmication® Model 3) microwave system between 
Phu Lam and Vung Tau and an LRC-3 troposcatter system between Vung Tau 
and Green Hill, Thailand. Both LRC-3 systems have a 60 channel capacity; 
however, the link Vung Tau to Green Hill is not being used to maximum 
capacity due to poor propagation conditions. The link from Vung Tau to 
Green Hill carries only 24 channels. The Phu Lam — Vung Tau link carries 
the full 60 channels. These links were eut to traffic in November 1965, 


4e Status in 1965 - 1966: (See Figure 1-1) 


There were many problems associated with long lines communication as they 
existed in 1965-66, Terminal locations were selected for their security 
not for the best propagation conditions for the equipment utilized. As 

a result, none of the links met DCA channel standards. Second, there was 
a definite vulnerability in the system at the Nha Trang site which was, 
and still is, a major entry and nodal point. Third, requirements greatly 
exceeded capacity in that a critical lack of channels existed between the 
Nha Trang — Pleiku areas and Saigon, 


Finally, existing technical control facilities were not adequate to per- 
form their required mission. As a result of these deficiencies the long 
lines upgrade in Vietnam was established under two separate, but related, 
contracts which will be discussed later. 


5. Operating Agencies: 


The original Backporch system was installed by Page Commnications Engin~ 
eering, Inc., under én Air Force contract. It was also initially operated 

by the Air Force. Similarly the Wet Wash cable and tropo system were in- 
stalled and operated by the Air Force, The operation of these long lines 
facilities was later assigned to the Army. The operating unit was the 39th 
Signal Battalion, the first Army Battalion assigned to Vietnam, The 39th 
was later transferred to USARV. The operational responsibility for the 

long lines systems was transferred from the.39th Signal Battalion to SPRATCOM 
(Vietnam) on 19 August 1965. Prior to this, STRATCOM had been operating 

the high frequency radio and tape relay facility at Phu Lam. In April 1966, 
when the 1st Signal Brigade was formed from STRATCOM (Southeast Asia) STRAT- 
COM (Vietnam) became the U.S. Army Regional Commmications Group (Vietnam). 
Regional Communications Group operated both the long lines systems (AN/MRC-8§'s) 
and the STRATCOM Facilities at Phu Lam, Nha Trang, and Da Nang. 


The expansion of the Backporch system in September, 1965, and the installa~ 
tion of the AN/MRC-98's in October, 1965, was performed by the Air Force 
for STRATCOM. 


The Defense Communications Agency began operations in Vietnam at the 
same time as STRATCOM, August 1965, At first, the small detachment 

of 7 in Saigon was a vart of DCA-SEA (Southeast Asia) with headquarters 
in the Philippines. Later, DCA-SAM (Southeast Asia Mainland) was formed 
to operate here in Vietnam and in Thailand through DCA-SAM, Thai. 


6. SEANBS: 


SEAWBS stands for the "Southeast Asia Wideband Systems", The SEAWBS 
consists of all commnications systems in SEA that are part of the Defense 
Commmications System. SEAWSS is under the operational and management 
direction of DCA-SAM. 


C, DEVELOPMENT OF THe PRESENT CQMMUNICATIONS SYSTEM IN SEA: 


As mentioned previously, there were three major contracts let by the 
Army and Air Force to provide impreved long lines communications in 
SEA. There were the Integrated Commmicationg System (ICS), Area I 
(Vietnam), awarded to Page Communications Engineering Inc.; ICS Area 
II (Thailand) awarded to Philco-Fords; and project Seed-free (439L) 
undersea cable, also awarded to Page. The ICS contracts are STRATCOM 
projects and 439L was under the Air Force. This discussion will cover 
only the 439L project and the Area I ICS effort. 
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1. 439L Cable: 


(Pigure 1~2) The 439L undersea cable is a 60-channel system connecting 

the major communication points along the coast of Vietnam and Thailand. 

The cable terminals, located near the beach, are operated by the Air Force, 
They are connected to the ICS terminal at each location through a micro- 
wave link installed under the ICS contract, The cablehead terminal is 
operated by the Army. The only operation performed at the cable terminal 

is control and patching of 12-channel groups. The control of each individual 
channel is performed in one of the ICS technical control buildings. 


2. Area I ICS: The ICS effort in RVN has been divided into three 
phases as follows: 


ae Phase I, ICS: 


(Figure 1~3) Phase I of the ICS was intended primarily to relieve the 
problem of insufficient circuits up-country by providing links from Saigon, 
Pleiku, and Nha Trang to a nodal point at Pr'Line in thecnter of this 
triangle. The Wet Wash system remained as before; however, the Backporch 
AN/MRC-85 system from Phu Lam (Saigon) to Nha Trang was moved to connect 
Pleiku and Vung Tau, providing an alternate entry to Pleikn from the south, 
The remainder of the Backporch and other systems remained in the same lo- 
cations, The AN/MRC-85's were fully integrated into the IWCS, and some 


of their terminal equipment was removed from the vans and installed 
in the ICS technical control buildings. The AN/MRC-98's remained in 
place but were not terminated in ICS buildings. Phase I ICS also 
provided a link to Phu Bai, replaced the transportable microwave 
systems (AN/TRC-29) being used in the intercity system in Saigon, 
and added a high capacity microwave system from Saigon to Vung Tau, 
Phase I, ICS, was completed with the acceptance of the Pleilm to 
Vung Tau AN/MRC-85 system on 25 January 1968. 


b. Phase II, ICS: 


The additional links being added to the ICS during Phase II are shown 

in Figure 1-4. In addition, several of the Phase I links were upgraded 
to a higher capacity (increased capacity indicated by Phase I links in 
Figure I-4 Phase II was completed on 29 February 1968 with the accept- 
ance of the Long Binh to Vung Tau link, 


The two AN/MRC-98 systems (Cam Ranh Bay to Vung Tau and Monkey Mountain 
to Ubon) scheduled for replacement by fixed plant systems during Phase 
II had been deactivated. 


ec. Phase III, ICS: 


(Figure 1-5). During Phase III, no major links were established. 

The primary changes were the addition of numerous light capacity 
systems around major nodal points and in the délta region. There 

was a considerable redistribution of ecuinment presently installed; 
under project MARV (Multiplex Assets Rearrangement Vietnam). The 

final capacities of Phase III upgrades to Phase II links are indica- 
ted by the Phase II links in Figure 1-5. The complete I05=439L program, 
excluding transportable augmentation discussed previously, is showm 

in Figure I-6. 


d. The long lines capability as of 1 April 1968 is as follows 
(See also Figure 1-7 ): 


(1) Phase I ICS is complete. 

(2) ‘The 439L cable system is complete. 
(3) Phase II ICS is complete. 

(4) Phase III ICS is complete. 


(5) The ANAIRC-85's in the Backporch system have been fully 
integrated into the ICS. 


(6) The Wet Wash tropo system is still installed from Nha 
Trang to Phu Lam (Saigon). 


(7) The LRC-3 link to Thailand is still in operation. 
The AN/MRC-98 system Vung Tau to Cam Ranh Bay was deactivated and » 
removed in July 1967 to permit installation of thé ICS system on a 
the same path, The AN/MRC-98 system between Monkey Mountain and 
Ubon has been deactivated. In January 1968 it was decided to place 
the Vung Tau and Phu Lam LRC-3 terminals inside the ICS buildings 
at those sites. This was completed in July 1968, 


(8) In addition under Phase III TSC-82 recoverable micro- 
wave terminals with supporting mux and tech controls were installed 
at Dong Tam, Dong Ba Thin, Sa Dec and Di An, 


(9) The first Phase III link was accepted 29 December 1967 

(Vung Chua Mountain - Phu Cat). The last link was se aer Dec 11 68 
Bac Lieu 

(10) The ICS also includes a large number of Voice Fre- 
quency Carrier Telegraph (VFCT) systems. In Figure 1-8 are shown 
the ICS VFCT systems programmed through Phase III. In this program 
both Contractor Furnished Equipment (CFE) and Government Furnished 
Equipment (GFE) are utilized to provide the ICS VFCT terminals. CFE 
is either AN/FCC-19 or AN/FCC-25 equipment, whereas GFE is normally 
AN/FGC-60 equipment, The VFCT program is presently undergoing an 
active relocation program (TARY) . 


D. SATELLITE COMMUNICATIONS : 


In addition to the out-of-country channels to the Philippines and a 
Hawaii by the Wet Wash cable, there are also three (3) Satellite y 
systems presently providing high-quality voice trunks (Figure 1-9). 


The first system to become operational was the AN/MSC-4/. located at 
Ba Queo which is near Tan Son Nhut Air Base, This system provided 
one (1) voice circuit and one (1) teletype tone pack, The AN/MSC-14 
became operational in June 1966, The voice circuit was used as a 
common user trunk from Saigon to Hawaii. The system went out of ser- 
vice on 31 December 1967, 


During the latter part of 1966, two AN/MSC-46 S-tellite ground terminals 
were deployed in Vietnam on an R&D basis. One was installed at Ba Queo 

and the other at Nh- Trang. Each terminal originally provided five voice 
channels and both were fully operatiobal on 18 July 1967. The Ba Queo 
terminal was upgraded to twelve channel operation in December 1967 and 

in January 1968 the Nha Trang terminal was also upgraded to twelve channels. 
Normal operation of these terminals is in the five channel mode, however, 
due to propagation condition, 


In addition to the military systems, there are also, at present, six 
circuits leased from COMSAT, The commercial terminals are in Thailand 
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and Hawaii. The circuits are extended to Saigon through the undersea 

cable from Sattahip to Vung Tau. These circuits became operational in 
April 1967. Further detailed information on satellite commmicaticns 

is provided in Chapter XVI. 


E. SUMMARY: 


This has been only a brief discussion of the development of comminica— 
tions in Vietnam. With all Phases fully completed, the ICS now pro- 
vides the bulk of the long haul channels of the SEAWBS. However, the 
importance of the contribution of the transportable systems to the 
SEAWBS shovld not be overlooked. In circuits alone, the transportables 
would probably equal the ICS, although in circuit miles this would not 
be true. 


The term "transportable" is used above to avoid a problem in semantics 
that often arises when discussing the various systems found here in 
Vietnam, The types of ecuinment referred to, AN/TCC-7, AN/TRC-29, 
AN/GRC-50, etc., are usually called "tactical ecuipment" however, in 
Vietnam that description for a system carries a svecial connotation, 
Figure 1-10 illustrates the distinction. The basic "ISS" consists 

of the ICS tech control building (commonly called "EE" electronic 
equipment buildings). Prior to the activation of the ICS EE buildings, 
there had been either locally fabricated (commonly referred to as "old" 
technical control") or mobile technical controls such as the AN/1SQ-73. 
These facilities are now connected to the EZ buildings by cable. It is 
in the old technical control that most of the SBAWBS transnortable systems _ 
were terminated. Many of the DCS transportable systems have been term— 
inated in the ICS EE buildings in order to provide better technical con- 
trol facilities. In the future it is envisicned that several more DCS 
transportable systems will be terminated in the ICS technical controls. 


The transportable equipment freed by the activation of the ICS, has been 
utilized to establish the Corrs Area Comm System (CACS). This is not 
part of the DCS and is under the control of the 1st Signal Brigade. This 
concept will create more corps Avea technical controls which will not 

be part of the DCS. 


The final system found in Vietnam is the "tactical system", This term 
has been used to refer to those systems installed by the units in direct 
support of the tactical headcuarters, i.e, Division Signal Battalions. 
They are of interest since they cften provide the connection to the sub- 
scriber for a cireuit routed over the ICS. These systems are often term 
inated in the area technical controls. 
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The descriptions of the three tynes of systems as given in USARV and 
1st Signal Brigade publications are as follows: 


1. The Tactical System is the command system for the divisions 
and field forces. Equipment for the tactical system is provided by 
the signal units organic to the divisions and field forces. 


2. The Corps Area Communi j yetem is a network of tactical 


multi-channel systems interconnecting base camps in a geographical 
area to provide "Local Area Service", This system is operated and 
managed by the 2d, 12th, 21st and 160th Signal Groups of the 1st Sig- 
neal Brigade. It provides supplementary communications support tc the 
tactical units primarily for operational tyne traffic, but includes 
administrative and logistical traffic as well. It supplements the 
SEAWBS by providing extension of SEAWBS circuits into local areas from 
major SEAWBS nodal points. 


3. SEAWBS is the long haul, wideband communications system pro- 
viding high quality communications channels throughout Vietnam. It is 
operated in the main by the Army with scattered Air Force systems. It 
consists of the ICS, 439L cable, transportable troposcatter and microwave 
systems, 


F. CURRENT STATUS OF ICS SYSTEMS: 


Figure 11 shows current status of ICS as of 1 Sept 70. As a result 

of reduced military requirements the stations at Dong Ha, Phu Tai % 
and Tai Ninh were deactivated. In addition, to improve the commun= vo 
ications by utilizing REL=2600, the MRC=85 shots between Da Nang-Qui 

Nhon and Qui--Nhon-Nha Trang were also deactivated. 
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II. CONTROL AND OPERATING AGENCTES 


One of the most difficult items for the newcomer to grasp is the complex 
relationship between the various agencies involved with installing, opera- 
ting, managing, and controlling the ICS. This section will briefly cover 

each agency and illustrate the more important relationships by means of charts. 


A. MAJOR ORGANIZATIONS OF INTEREST: 


Although is does not normally directly ffect us here in Regicn 1 Commnica- 
tions Group, it is important to understand the basic relationship between the 
major headquarters involved (Figure II-1). The most obvious feature is that 
all organizations in Vietnam are under overational control of MACV although 
they may be commanded by another headquarters such as STRATCOM-PAC. 


1. 1st Signal Brigade (USASTRATCOM) : 


The 1st Signal Brigade (Figure II-2) is the largest communications organ- 
ization in Vietnam. Responsible for planning, engineering, inst lling, 
operating and maintaining the Army portion of the Defense Communications 
System in Vietnam and Thailand, and the Corps Area Communications System. 
Operates local communications centers, DOS tape relay centers, performs 
maintenance on C-E equipment, and has the general mission of performing 
communications-electronics functions in suoport of US military and other 
governmental activities in Southeast Agia. 


2. US Army Regional Communications Group (Vietnam): 


Subordin te command of 1st Signal Brigade, operates the fived-plant portion 

of the SEAWBS in Vietnam, Operates and maintains all ICS sites in Vietnam 

and one minor tape relay at Phu Lam. Responsible for operation and maintenance 
of the Joint Overseas Switchboard (JOSS) and the AUTOSEVOCG! system in SEA 
(Figure II-3), The Group Headquarters is located in the Phu Tho Hoa district 
of Saigon, 


3- 2nd Signal Group: 


Subordinate command of 1st Signal Brigade operating primarily in the 
(ARVN) Military Region III and Iv providing the Army Area Comaunications 
System, augmentation to the SEAWBS, and general communications support 
(Figure II-4). The Group Headquarters is located at Long Bing, RVN. 


4. 12th Signal Group: 
Subordinate command of 1st Signal Brigade, operating primarily in the 
(ARVN) Military Region I providing the Corps Area communications System, 


augmentation to the SEAWBS, and general communications support (Figure II-4) 
the Group Headauarters is located at Phu Bai, RVN. 
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$e 21st Signal Group: 


Subordinate command of 1st Signal Brigade, operating primarily in the 

(ARVN) Military Region II providing the Army Area Communications System, 
augmentation to the SEAWBS, and general communications support (Figure II-4). 
The Group Headquarters is located at Nha Trang, RVN. 


6. 29th Signel Group: 


Suborcinate command of the ist Signal Brigade. Provides communications 
support to Military Assistance Command, Thailand, including operation of 
the Thailand portion of the ICS (Area 2). Under the operational control 
of MACTHAI; however, technical control remains with 1st Signal Brigade. 
The Group Headquarters is located in Bangkok, Thailand, 


7. 160th Signal Group: 


Subordinate command of the 1st Signal Brigade, overating primarily in the 
Capital Military District (Saigon - Long Binh Area) and providing the Corps 
Area Communications System there. Responsible for operating and maintaining 
communication facilities at MACV and USARV Headquarters, other than the ICS. 
The Group Headquarters is located at Long Binh, RVN. 


8. 1964th Communications Group (Air Force): 


Subordinate command of the 7th Air Force and is the largest Air Force 
communications unit in Vietnam. Its Headquarters is located at Tan Son 
Nhut AFB. (Figure II-5). 


Responsible for telecomminications and air traffic control services for 
the Air Force and other governmental activities in Vietnam. Operates and 
maintains Air Force dial central office's (DCO's), tandem switch, and 
associated outside cable plant and the 439L submarine cable system. Also 
provides and main‘.ains the secure equipment for Air Force AUTOSEYVOCOM sub- 
scribers. Composed of ten (10) communications squadrons which provide the 
above services in their respective area of responsibility. 


9. Defense Communications Agency-Southeast Asia Mainland (DCA-SAM) : 


An agency of the Department of Defense, Responsive to the requirements 

of COMUS MACV/CQMUS MACTHAI, and tasked as the single system manager having 
operational and management direction of the SEAWBS. Makes circuit channel 
assignments and engineers circuits for the ICS. Operates five (5) DCA-SAM 
detachments at major communications nodal points throughout Vietnam. The 
Master Complex is located at Tan Son Nhut AFB (Figure II-6). 


B. STAFF AGENCIES AND OTHER CONTROL ELEMENTS: 
1. MACV J-6: 


Responsible for staff supervision of all C-E activities in Vietnam, Re- 
sponsible for validating requests for circuits on the SEAWBS and directing 
the effort of DCA based on requirements from the field (Figure II-1). 


2. USAaRV Assistant Chief of Staff for Communications—Electronics: 


Formerly the USARY Signal Officer, Responsible for staff supervision of 
all C-E activities of wits within USARV. Also Commanding General, 1st 
Signal Brigade. 


3. ACOC-Army Communications Operation Center: 


ACOG is the major information gathering agency of 1st Signal Brigade. It 

is located at Long Binh, 1st Signal Brigade, and monitors reports from DCS 
(Defense Comzunications System) reporting stations. Also directs the prep~ 
aration and maintenance of circuit control and system control procedures 

and practices for use by all elements of the Signal Brigade. Maintains 1st 
Signal Brigade records of systen/ezannel fill for the SEAWBS and CACS (Corps 
Area Somiunications System). 


4. Brigade Operations Directorate: 


Frovices overational svidance and staff suvervision for the installation, 
operation and maintenance of 211 S-E systems. Also develops operational 
planning for C-E activities which will be initiated within a 90 day time 
frame. Exercises staff supervision over the ACOC and other staff agencies 
as directed, 


5. Communications Systems Engineering and Management Agency (CSE‘A): 


The ICS Branch, a branch of Special Projects Division of CSHMA, represents 
the Commanding General, 1st Signal Brigade, on all ISS matters in Vietnam 
and Thailand, They are responsible for monitpring and supervising the 
execution of the ICS contracts in Southeast Asia. The Test and Bvaluation 
Division of CSEMA provides technical assistance to test and evaluation teams 
prior to the governmental signing of the Material and Receiving Report, DD 
Form 250 (see Para C 2 below). 


6. Southeast Asia Telephone Management Agency (SEA-TELMA): 
Provides overall staff guidance and supervision for operation and maintenance 
of the Soutneast Asia Telephone System, Coordinates directly with Telephone 
Management Officers (T/0's) at each numbered group headcuarters of the 1st 
Signal Brigade, 

8. DCA-SAM Detachments: 


Located at major communication nodal points to maintain liaison with, and 
be responsive to major commander, operating commands and users with assigned 
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geographical areas. These detachments are presently located at Da Nang, 

Nha Trang, Pleiku, Long Binh and Can Tho, The detachments act as a focal a 
points for emergency requirements and assistance to the commands, service 9 
components, operating commands, and users in their area (Figure II-6). 


C. CONTRACTORS: 

1. Page Communications Engineers, Inc.: 
Under supervision of the Plans and Operations Division. Regional Communica- 
tions Group. Responsible under contract for providing technical support for 
the operation and maintenance of that portion of the ICS in Vietnam and Thailand 


which has been accepted by the Army and placed under the command of the CO, 
USA Regional Commimications Group, and 29th Signal Group. 


2. Kentron of Hawaii, Limited: 
Under supervision of the 196,th Communications Group, 7th Air Force, which 
operates the 439L cable system. Responsible for the operation and maintenance 
of the cable terminating equipment at Nha Trang. 


D. CONTROL OF THE ICS: 


The overall management of the Defense Communications System (DCS) is the 

responsibility of the Defense Commnmication Agency (DCA). RCG controls the 

operation of all ICS stations in Vietnam and forwards technical information 3 
and operational directives to the sites. ) 


1. The specific documents involved in circvit actions (TSO and CLR) 
are fully described in RCG LL TCG S&P. Because of the complexity of the ICS 
some special control procedures have been established. 


a. For ICS circuits TSO's are sent to the Engineering Branch, P& 
Division, Regional Communications Group, who are responsible for making 
conditioning equipment assignments and controlling the activation, changes 
and deactivations as prescribed by the TSO. 


b. The primary difference between operations in the field in the 
ICS and in the remainder of the SHAWBS is the restriction on local engineering 
changes to a circuit. Experience has shown that changes on ICS circuits are 
best made at a central location where they can be fully coordinated, (For 
this reason no engineering changes will be made in the field by either the 
tech control or the DCA-SAM detachment. The changes required will be made 


ied 


by DCA-SAM Engineering and/or Engineering Branch. RCG, as appropriate). 
This policy is defined in RCG LL TCG S&P. Exceptions to this are emer-— 
gency expedited circuit actions which are also discussed in RCG LL TCG SéP,. 
This policy has been fully coordinated with and agreed to by DCA-SAM. 


E. 


The provisions of 1st Signal Erigade Reg 10-10; Area Commumications 
Commanders, are extremely important to the subordinate units of Regional 
Communications Group. Most of the onerating detachments are under the 
command of units other than RCG, for the specific areas covered in Reg 
10-10. Because of it's importance, a complete copy of this regulation is 
reproduced on pages II-14 through II-17, 


F. CONTRACTOR RELATIONS: 


The contractor may provide for various aspects of the operation and main- 
tenance of the ICS. However, regardless of the provisions of the contract, 
the ultimate responsibility for communications is a command responsibility. 
The execution of government contracts is supervised by the Contracting 
Officer through the Contracting Officer's Representative (COR) 

The (QoR}is the point of contact between the U. S. Army and the contractor. 
In this capacity, the (COR)mst cversee the contractor to insure that he 
fulfills the provisions of the contract. The (OR) also recommends approval 
or disapproval on any proposed modifications that require action by a higher 
headeuarters. Specific responsibilities of the site commander relating to 
contractor personnel include the following (for a complete listing see ist 
Sig Bde Reg 105=4; Military/Contractor Relationships and Responsiblities): 


1. Monitor contractor actions to insure that the contractor is per- 
forming the functions required by the contract. 


2. Bring to the attention of the contractor site supervisor, in writing, 
any apparent discrepancies in contractor verformance. 


3. Report all items of difference between himself and the contractor 
site supervisor through command channels. 


The site OIC is the military's liaison with the contractor on site. As 
such, he is to see that the contractor does what the contract calls for and 
that the government receives full valve. Below are a few useful facts that 
the site OIC should know in his relationship with the contractor: 


1. Contractor employees are not members of the military and do not 
come under full military authority. 


2. The contractor has a supervisor at each site who is responsible 


for the contractor employees at the site. The site OIC shovld deal direct- 
ly with the site supervisor on all technical and administrative problems. 


| '-5 


3 Good relationships between the military anc the contractor will 
make operating and maintaining of the ICS much easier for all concerned. 
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4% CCPVR 1O-1O 


DEP. T OF THS ARM 
HEADQUARTERS 187 STONAY BRIGANE CUSASTRATCOM) 
APO San Francisco 96384 


Regulation 10 Decen-er 1969 
Number 10-10 


ORGANIZATION & FUNCTIONS 
Communications Site Commanders and 
Area Coordinators 


1. PURPOSE: This regulation sets forth the concept and procedures 
for establishement of communication site commander and area coordi- 
nators and defines their authority and responsibilities. 


2. SCOPE: This regulation is applicable to all conmunications 
elements assigned, attached to, or under the operational control 
of the Ist Signal Brigade (USASTRATCOM) within Vietnam. 


3. DEFINITIONS: For the purpose of this regulation the following 
definitions apply: 


a. CGonmunications Area: A specific area, consisting of two or 
more cormunications sites, for which responsibility has been assigned 
a major subordinate organization reporting directly to Headquarters, lst 
Signal brigade. 


b. Communications Sub Area: A portion of a communications area for 
which responsibility has been assigned toa subordinate commander report— 
ing directly to aconmunications area co: mander. 


c. Conmunications Site: A Single communications installation or 
facility operated entirely or in part by one or more elements of the 
ist Signal Brigade. 


ad. Communications Area Coordinator: A signal group commander or 
other subordinate cormandef so appointed on orders by HQ, Ist Signal 
Nrigade. 


e. Conmunications Sub Area Coordinator: A signal group comnmader 
or other cormander of a sisnal organization so appointed en orders by 
a conmmications area coordinator. 


f. Communications Site Conmmader: The Senior lst Signal Brigade 
element cormander, officer, or uon-comissioned officer pernanently 
assigned to accommmications site and eligible to comand wider the 
porvisions of AR 600-20. Responsibility is assumed immediately upon 
arrival at the site. 


®% This regulation supersedes CCPVR 10-10 dated 30 December 1968 
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ge Coordination Authority: The authority to compel coordi- 
nation, but not agreement. 


h. Isolated Unit: A Ist Signal Brigade unit whose commnder 
acts as the local tactical commander or is colocatdd with a lst 
Signal Brigade unit whose commander is the local tactical commander. 
Each lst Signal Brigade unit at an isolated site is considered an 
isolated unit. 


i. Tenant Unit: Ist Signal Brigade unit on a facility comminded 
or controlled by someone not in the lst Signal Brigade. 


4. CONCEPT: a. Elements of the lst Signal Brigade are stationed 

at approxinately 200 sites throughout the Republic of Vietnam. At 
many of these sites, units or detachments from different signal groups 
and/or from different battalions or companies of the lst Signal Brigade 
Operate separate or integrated commmications facilities. This 
regulation establishes communications area and sub coordinators and 
site comminders to improve coordination between lst, Signal Brigade 
elenents. It also provides for coordination between lst Signal Brigade 
univs and other US and allied military elements in Vietnam. 


b. To provide a single command focus within each area, signal 
group commanders are assigned certain adcitional responsibilities on 
special orders for all elements of the Ist Signal brigade that operate 
in their areas. In turn, these signal group commanders assign the 
same additional responsibilities to subordinate commanders te insure 
that each element in each communications area has an individual 
specifically responsible for coordimting cefense, support and other 
common matters. The communications site comminder, as defined in 
paragraph 3f, is responsible for the physical security of his site. 
The site commander is responsible to the area defense zone commander 
for defense matters. The manning requirements necessary to implement 
the communications site physical secwity plan will be equitably 
divided amoung all site elenents. Hach element will contribute a 
proportionate share based upon its assigned strength. 


5. DUTIES, RESPONSIBILITIMS AND AUTHORITY: a. The Communications 


Area Coordinator (or a subordinate who exercises his delegated authority). 


(1) Acts as the point of contact for coordination between lst 
Signal Brigade units and local US Army Cormianders. 


(2) Coordinates signal planning and operations amoung lst Signal 
Brigade elements and between them and other US and allied units. 


(3)Assists the site commanders in the resolution of local problems 


which are beyond the capability of the site commnder to resolve, to 
include physical security. 
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to resolve, to include physical security. 


(4) Coordinates administrative and logistical matters amoung lst 
Signal Brigade elements in :is area and between them and other US and 
allied units. This responsibility includes engineer construction anc 
real estate. 


(5) Advises local US Army commanders on commmications support 
matters inaccordance with para 6b, USARV ikegulation 105-9. 


(6) Has authority as shown in the table below over Ist Signal 
elements stationed in his area: 


UNIT STATUS iSULATHED UNIT MENANT UNIT 
Under Crd of Not under Cmd of} Under Cmd of} Not under 
FUNCT ION Comm Area Cmdr }| Conm Area Cmdr Com. Arca Cmd| Cmd of Comm 
Area Cmdr 
DEFENSE CHE AUT COORD AUTH UME AUTH COORD AUTH 


LUSS OPCON* 


SIGNAL PLANNING 
GOPERATLONS 


CMD AUTIl COOKD aUPrH CMD AUT COOMKD AUTH 


ADMINISTRATION | CMD AUTH COCRD AUTH CMD AUTH COORD AUTH 


& LOGISTICS 
(INCL ENGINEER 
CONSTRUCTION ) 


* Local Tactical Commander has OFCON for defense 
b. The Communications Site Comnander. 


(1) lrepares, publishes and has responsibility for the implemen- 
tation of the site physical security plan as required by USARV Regulation 
190-30. In addition, he is resnonsible for the coordination of site 
defense with adjacent US and allied units. 


(2) Acts as the initial point of contact in coordination planning 
for new projects within his area of site responsibility, whith affect 
communications or site physical security. 


(3) ASsumes operational control of all elements within the commni-— 
cations site in the event of emergency. laminent or actual attack and 
emergency evacuation will be considered sufficient justification for the 
assumption of this responsibility. Operational control will be returned 
to individual elements immediately upon terszination of the emergency cSn— 
dition. In the event of such action the Commanding General, lst Signal 
Brigade wiil be notified through chain of command by the most rapid means 
available. 
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6. ADMINISTRATION: a. Headquarters, lst Signal Brigade will publish 
special orders to ideatify communications areas and commumications area 
coordinators, 

b. Signal group conmainders who are designated as communications 
area coordinators will publish special orders to identify communications 
sub area coordinators. 

7. REFERENCES: .a. USAKV Regulation 10-4 

be USARV Regulation 105-9 

ce USAKV Kegulation 190-30 

d. Ist Signal Brigade Regulation 105-13. 

SCCPV—-OP 


FOR THE COMMANDER: 


OFFICIAL: J. N. MEDINGER 
Colonel, GS 
Chief of Staff 


T. E. MULLENIEX 
LTC, AGC 
Adjutant General 


DISTRIBUTION 
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III. CIRCUIT REQUEST PROCEDURES 
(See also USaRV SSI Item Nr. 82-2) 


A. COKmUNICATIONS SYSTEMS: 


1. The communications system in Vietnam is divided into three 
separate and distinct sub-systems. This division is characterized 
by the equipment used and by the organizational mission. 


2. The first of these sub-systems is composea of the units and 
equirnient organic to the combat elements in country. The equipment 
concerned is generally the 12 channel AN/TPRC 24 type equipment or 
newer pulse code modulation equipment, housed in vans or shelters. 
This equipment is highly mobile, which is a basic requirement to ful- 
fill the units mission of signal support of its parent unit. 


3. The second sub-system is the Corps Area Communications System 
(CaCS) which is operated and mintained by the numbered signal groups 
under 1st Signal Brigade. This system is generslly composed of AN/TRC 
G0 series type radios and AN/MSQ 73 transportable Tech. Controls. The 
mission of the system is as the name implies, to supply semi-permanent 
corps area communications. 


4. The last sub-system is the Integrated Communications System 
(ICS) which is operated and maintained by the Rerional Communications 
Group under 1st Signal Brignde. This system is composed entirely of 
the fixed station equipment using commercial radios and standard 
commercial Tech. Controls. The mission of this system is to provide 
commercial quality extremely wideband, long haul communications 
throughout Vietnam, 


5. There are two areas of responsibility in every communications 
system. One is management, and the other is operation and maintenance. 
The management, operation and maintenance of the systems or:tanic to 
combat units is the responsibility of the division signal officer. 
However, all of the ICS and a portion of the CACS have been designated 
as Defense Communications System (DCS) assets and the manasement respon- 
sibility lies with the Defense Communications Agency=Southeast Asia 
Mainland (DCA-SAH). ‘fhe remainder of the CACS is managed by 1st Signal 
Brigade. 
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Be. REQUEST PROCEDURES: 


Requests for circuits will be sent through normal command channels 
and will be in the format shown in paragraph C. below. iequests will 
be met with organic capability whenever possible (e.g., a requirement 
of a divisional unit will be satisfied by the Division Signal Battalion, 


if it has the capability). If the unit cennot rrovide the communications 


with it's organic capability, the request for the circuit will be sent 
to the appropriate 1st Signal Brigade unit. 


Although there are some variations possible, (emergencies, etc.), 
the normal flow for circuit request is from the "user" or "requester" 
to the Signal Battalion providing Area Comi-unications Support. If 
the are. battalion has th: capability to fill the request, it is 
forwarded to the Group that is in support of the area. If the zroup 
does not have the capability to fill the request, it is forwarded to 
1st Signal Brigade. If 1st Signal Brigade cannot fill the request by 
routing the circuit on the AACS, the request is forwarded to HACV, 
through USARV, for a validation on the SEAWBS. All denials for service 
must be forwarded to the USARV commander for final action. 

C. TELECOMMUNICATIONS SERVICE REQUEST FORMAT: 
The following format is used for a circuit request: 
a. Address of signal unit 
b. Type and grade of service 
(1) Voice, teletype, data, facsinile 
(2) Full-duplex (FD), Half-duplex (IID) 
(3) Baude rate 
(4) Special requirements 
(a) Signalling or surervision 
(b) Type and level cf teletype (e.g. 20 ma polar) 
ec. turpose of circuit 
d. Dates required 
e. Installation priority 


f. Yontact personnel=-nane and telephone Nr. 


g. Terminal locations 


ITI~2 


h. Type equipment 
i, itecommended restoration priority 


D. +ROCRSSING UF DCS CIRCUIT REQUESTS: 


1. The Defense Communications System in Vietnam is managed by DCA- 
SAM, The utilization of the system is controlled by COMUSHACV in that 
circuit requests are validated by haCV J6 prior to engineering and 
activ-tion. 


2. When it has been ascertained that a Telecomiunic:tions Service 
Request (TSR) cannot be fulfilled by either the requesting units organic 
signal element, or the rortion of the CACS manazed by the 1st Signal 
Brigade, the TSR will be forwarded to MACV J-6 throughout USAKV where the 
requirement for the circuit will be weighted against other signal 
requirements. If the maCV J-6 decides to validate the circuit, a 
validation number will be assigned and the TSk sent to DCA-SAM for 
allocation of facilities. 


3. DCA-SAM is responsible for the allocation of DCS assets, 
When a validated TSR is received from haCV J-6, DCA-SAti will determine 
routing of the circuit, and will make all necessary engincering 
determinations, A Telecommunications Service Order (150) will then be 
issued to all concerned units. The TSC will contain all necessary 
information to activate the circuit, and will serve as the official 
justification to activate the circuit. 
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IV. EQUIPMENT - GENERAL 


In this chapter we will briefly discuss the modes of radio propagation 
used in the ICS the antennas used to support the radio systems, the basic 
modulation schemes, and the multiplex terminals, both voice frequency and 
telegraph. More detailed information on the specific items of equipment 
is provided on these topics in Chapter VII. 


During the discussion, it will be assumed that the reader has a 
background in communications, but that his strength falls in the areas of 
transportable and tactical systems. The level of instruction presented 
on the ICS will be equal to that of the Basic Signal Officers Course, 


A. RADIO*: 


Two types of radio systems are found in the ICS’ the tropospheric 
scatter system and the line-of-sight (LOS) system. Most of the long haul 
links of the ICS employ the tropospheric scatter system. The low power 
LOS systems are used for inter city links in the Saigon area and on many 
of the short links (tails) of the ICS where LOS propagation is possible. 


A general comparison of the various ground-to-ground modes of con- 
munication in the microwave portion of the radio spectrum is given in 
Figure IV-A-1, 


1. Tropospheric Scatter: 


Historically, reliable multi-channel cowmunications across rough 
or impassable terrain had been extremely impractical. Difficulties in site 
location, and transportation problems generally prohibited the use of wire 
lines or cables. While microwave LOS appeared to offer a partial solution, 
the requirement for fairly close spaced stations, ruled out LOS in numerous 
applications. Therefore, the need for reliable communications systems 
capable of operation over distances beyond the horizon remained unfillede 


To solve this problem, engineers looked back at propagation invest- 
igations undertaken by Bullington of Bell Telephone Labs, and others, 
shortly after World War II. The various investigations had been undertaken 
in an effort to explain conditions of abnormally long range transmission 
of UHF radio and radar signals, During these investigations it was 
determined, that, contrary to earlier theories, such signals were being 
propagated far beyond the line-of-sight, and that it was possible to receive 
them at distances of hundreds of miles. It was also established that the 


* Portions from the REL Training Course, Reproduced with the permission 
of Radio Engineering Laboratories, Long Island City, New York, 


Iv-1 


loss of signal strength (path loss) was far less than would be predicted 
by the accepted theories of propagation at that time. It was therefore 
determined, that the earlier theories of UHF propagation, while capable of 
very accurate path loss calculations up to approximately 60 miles, produced 
serious errors in path calculations for 100 miles or more. 


Several theories have been proposed to explain the inaccurate loss 
calculations. One of the most popular theories (by Friis, Crawford, and 
Hogg of Bell Telephone Labs, and others) assumes that the over-all atmosphere 
is made up of various individual layers, It further assumes, that the 
layers are of varying thickness, temperature, and moisture content. 
Therefore, each layer differs somewhat from the adjacent layer, and is in 
effect, an “invisible cloud". The differences in the layer temperature and 
moisture contents results in each layer having a different index of refraction 
(amount of bending of the signal as it passes through the layer). Furthermore, 
the different indices of refraction cause the establishment of firm boundaries 
between each layer. These boundaries become reflecting surfaces, and the 
signals reaching these surfaces are reflected from the surface at an angle 
equal to the angle at which they hit the surface. This is illustrated as 
follows: 


Layer 
Boundary Angle Angle 


Signal Signal 


* Angle A = Angle B 


The reflection and refraction is thought to occur in the troposphere 

(part of the atmosphere from the earth surface up to the stratosphere) 

in an area defined as the “common volume", The signal reaches the common 
volume in accordance with the normal laws of UHF propagation, and after 
refracting and reflecting (scattering) in the common volume, a very small 
portion of the signal returns to the distant receiver, again in accordance 
with normal UHF propagation. On a typical path, a loss of over 200 db 

(from transmitter to receiver) can be considered normal. The height of the 
Common volume varies according to the path length, and will be somewhere 
from over 1000 feet up to approximately 50,000 feet (within the troposphere). 
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From the above discussion, the derivation of the nomenclature 
“tropospheric scatter" for this type of propagation can be seen. In addition, 
the terms "beyond the horizon propagation", "forward scatter", and "forward 
propagation tropospheric scatter (FPTS)" have been used. In general, 
“tropospheric scatter" has become the accepted normenclature, and in common 
usage, has been shortened to "tropo". 


In general, the above concepts hold true in the RF range of above 
100 mHz to approximately 5000 mHz, and for path lengths of 100 miles to 
approximately 500 miles, While the above theories of tropo are not capable 
of rigorous mathematical proof, reliable system designs are possible as a 
result of numerous path loss measurements, and extensive emperical data 
obtained from numerous measurements on various paths. 


‘While signals transmitted by tropo are relatively stable, they do 
exhibit some fading. The fades are generally divided into: 


a. Seasonal variations (summer to winter) 
be Daily variations (day to night) 
Ce Rapid variations (scintillation) 


Seasonal and daily fading are brought about by changes in the various layers 
temperature and moisture contents. There can be an approximately 10 to 15 

db difference between a summer day and a winter night, with the best trans- 
mission fading occuring during the summer day. kKapid, or scintillation, 
fading is fast fades, with a fade rate as high as 20 fades per second. Fast 
fades are brought about by the basic nature of tropo. As a signal travels 
from 4 transmitter to a receiver, portions of the signal are reflected and 
refracted differently as they pass through the various layers, 

Some portions of the signal arrive at the receiver simultaneously and in pnase, 
and therefore tend to add to each other. However, some portions of the signal 
travel longer or shorter distances, and arrive at the receiver out-of-phase 
and tend to cancel each other. Since the tropospheric layers are continuously 
in some motion, fast fades are generally always present. 


This has been a brief discussion of the history, development, and 
terminology of tropospheric scatter propagation. Amplifying remarks on 
this subject may also be found in Figure IV-A-2 (REL Fact Sheet No. 1) 
and Figure IV-A-3 (REL Fact Sheet No. 20). 


2. Diversity: 


As mentioned in the previous paragraph, one of the major problems 
of reliable, stable communications is fading. There are a number of ways 
that this could be overcome. One is to substantially increase the transmitter 
power output. This could produce a receiver signal-to-noise ratio so high 
that the effect of fading would not be noticeable. However, this is not 
always practical, due to the high path loss (usually over 200 db) encountered 
in tropo propagation, and to the amount of power which would be required to 
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maintain even a modest fade margin (doubling the transmitter power only 
produces a 3 db increase). Another way of overcoming fading would be to 
increase antenna size. This is not always a practical solution, since 
doubling the antenna size only increases the antenna gain by approximately 
6 db, therefore, it is possible that the mechanical complexity, and the 
cost increase, would outweigh the higher gain. Increasing the sensitivity 
of the associated receiver will also help to overcome fades, but the 
practical state-of-the-art is such that the present receivers cannot be 
readily improved upon as far as noise figure and sensitivity are concerned. 


A solution to improving operation during fades, while staying within 
the realm of technical complexity and cost, is to go to diversity operation. 
Basically diversity operation can be divided into three methods: space 
diversity, frequency diversity, and polarization diversity. 


Space diversity utilizes two antennas placed somewhat greater than 
100 wavelengths apart. A signal transmitted to these two antennas, generally 
will not fade simultaneously at both antennas. Therefore, if a receiver is 
connected to each antenna, there stands a good chance that there will always 
be at least one receiver with a good signal-to-noise ratio. Frequency 
diversity operates under the concept that if two signals are transmitted 
on frequencies approximately 5% apart, both signals generally will not fade 
simultaneously at a given antenna. Thus, if receivers set to the two 
frequencies are connected to the antenna, there usually will be a receiver 
with a good signal-to-noise ratio. The third method of diversity operation, 
polarization, is the transmission of two signals of different polarities, 
one in the vertical plane and one in the horizontal plane. Generally, both 
signals will not fade at a given antenna, thus as above, there will usually 
always be a receiver with a good signal-to-noise ratio. 


Generally in a tropo system, all three of the above diversity 
techniques, or a combination thereof, are used. In addition, a combiner 
configuration is used to select the receiver with the best signal-to-noise 
ratio (Figure IV-A-#), In this way, a receiver with a poor signal-to-noise 
ratio, which would tend to degrade the over-all system signal-to-noise ratio, 
is effectively disconnected. In operation, the REL combiner when operating 
with 2 receivers (dual diversity) can provide an improvement of up to 3 db 
in system signal-to»noise ratio. That is, the over-all system signal-to- 
noise ratio will be 3 db better than that of the best receiver. When 
operating with 4 receivers in quadruple (quad) diversity, a 6 db improvement 
can be obtained. There are three types of combiners: variable gain, equal 
gain and optional switching. Each of these will be discussed below. 


Variable gain combining is a process whereby the output from two 
(or more) diversity receivers are each amplified according to their signal- 
to-noise ratio (Figure I1V-A-5a). In this manner the signal with the largest 
signal-to-noise ratio will be amplified most and, therefore, supply a larger 
percentage of the output. To accomplish this, a control unit monitors the 
noise and signal outputs from the receivers, and continuously provides a 
gain control signal to the variable amplifiers. The operation of a variable 
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gain combiner circuit is illustrated in Figure IV-A-6.. When the signal-to- 
noise ratio is equal in all receivers, the variable amplifiers will be at 
the same gain, and each receiver will contribute equally to the output. On 
the other hand, if the signal-to-noise ratio on one of the receivers should 
decrease, the gain of its amplifier will decrease, and the gain of the other 
amplifier(s) will increase, thereby maintaining the same signal level. This 
system is very effective in combating fast fadinge If the pilot tone from 
ohne receiver disappears entirely, the gain of its amplifier will be reduced 
to zero with increase(s) on the other receiver(s). If the noise in any 
receiver reaches a set level, the noise monitor switch will open, disconnec- 
ting the noisy receiver entirely. If the noise in all receivers reaches 
this level at the same time all receivers will be disconnected and there 
will be no output. 


An equal gain combiner (Figure IV-A-5b) can never have a signal-to- 
noise ratio which is better than that of the variable gain combiner. This 
is because the noisier circuit is not de-emphasized in the equal gain combiner 
as it is with the variable gain method. 


The third type of combining, optimal switching, is not actually 
combining, although it is usually considered as such. With optimal switching 
(Figure IV-A-5c), the best of several signals is used alone. The primary 
weakness of this system is that the process of switching often causes diffi- 
culty with data circuits. When the several inputs are at approximately the 
same level, there is often, continuous, unnecessary switching associated 
with using the better of two, almost identical signals, A combination of 
the optimal switching and equal gain techniques is often used (Figure IV-A-7). 
In this system, the two signals are combined, unless the signal-to-noise ratio 
in one receiver reaches a certain level, at which time the low signal input 
is disconnected. 


A condensed discussion of diversity can be found in Figure IV-A-8 
(REL Fact Sheet No. 2). 


3. Tropo Site Configuration: 
To provide two-way communications at a given site, two basic equip- 


ment groupings are required: the transmit group, and the receive group. 
This is illustrated as follows: 


Transmit —————————q- Transmit Signal 
Group \ 


Receive ( $———____—— Receive Signal 


Group 
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In respect to configuration, a typical tropo station follows the same 

layout. Reference to Figure IV-A-9 shows two paralleled transmit groups. oo 
Transmission by two groups is used so as to obtain the benefits of y 
diversity operation. Since the two transmit groups are similar, except 

for the RF operating frequencies, the following discussion will trace 

through only one transmit groupe 


The incoming voice frequency (VF) traffic signals are connected 
to the multiplex wherein they are applied to the individual channels, Each 
channel is 4 kHz wide, and the channels are frequency stacked one above 
another (frequency division multiplex ~ FDM). Within a given channel, 
the VF signal is used to produce a single sideband signal occupying 
approximately 3 kHz of the over#all channel frequency spectrum, If data 
information, such as teletype, etc, is to be transmitted, it is generally 
pre-processed in a data modem, wherein it is coverted to a specific 
audio frequency. Approximately 16 data signals can be stacked into one 


VF channel. The output of the multiplex is applied to the terminal j 
facility. Since there are two transmit groups, the multiplex corres pond- 

ingly has a dual output with both outputs identical in content and frequency { 
range. 


The terminal facility serves many functions, but at this point, only 
the functions related to the transmit group will be covered. The outputs 
of the multiplex are connected to the modulation patching panel. Here they 
are either terminated or connected to the baseband input of the appropriate 
exciter. The connections are made by patch cords, or patch connectors. 
The exciter baseband input signal is used to frequency modulate the 
exciter RF operating frequency. The exciter output is a nominal 10 watts " { 
RF, fully frequency modulated, and at the desired RF operating frequency. ) 
Since there are two exciters in the configuration, and the subassemblies 
of each from the modulation input to a common 70 mlz signal point are 
similar, it is possible to use one modulator to drive the two exciters,. 
This is called “dual modulator operation". In this way, additional reliability 
is obtained by redundancy, and it is possible to perform scheduled maintenance 
on the subassemblies not in use. 


The exciter RF output is connected to the 1KW (10KW) power amplifier. 
Herein, it is amplified straight through to 1 KW or to 10 KW, and the 
output connected to the duplexer. The grouping of the exciter md I1KW(10KW) { 
power amplifiers is referred to as the transmit group. 


The duplexer (or diplexer) is used to permit simultaneous transmission 
and reception with one antenna (see Figures IV-A-10 and IV-A-11). The 
duplexer is configured such that the IKW(1OKW) RF output of the power amplifier 
is connected to the antenna and radiated out. At the same time, the antenna 
is receiving a signal transmitted to it from the next site. The duplexer 
separates this weak received signal from the 1Kw(l0KW) transmitted signal 
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and applies it to the appropriate receiver. At the same time, it prevents the 
1KW (10KW) transmitted signal from interefering with the associated receiver. 
This essentially completes the transmit group main equipments. 


In addition to the transmission and reception outlined above, the 
antenna also receives a second signal transmitted from the next site. 
However, since this signal is in a different plane than the two signals out- 
lined above, it is connected directly to the second receiver associated with 
the antenna. Due to the difference in polarization the transmitted 1KW (10KW) 
RF doesn't interfere with the receiver RF signal. 


The input to the receive group is takea from the antenna in one of 
the manners outlined. In general, the receive group consists of an RF pre- 
selector, a parametric amplifier, or a tunnel diode amplifier, and the basic 
receiver. The over-all grouping is referred to as the receive group. 


The RF preselector (Figure IV-A-12) is a bandpass filter set to 
the RF operating frequency of the associated receiver. It is used to 
attenuate all received and extraneous RF signals, other than the desired 
Signal. Following the RF preselector is the parametric amplifier, or the 
tunnel diode amplifier. Either is a low-noise amplifier with approximately 
20 db of gain. The parametric amplifier noise figure is approximately 2.5 
db, and the tunnel diode approximately 4.5 db. The output of the amplifier 
is connected to the basic receiver. The basic receiver generally has a noise 
figure of approximately 8 db. It converts the received RF signal to the IF 
frequency of 70 mHz. Following the IF, the FM signal is demodulated, ampli- 
fied, applied to the combiner, and then further amplified. In diversity 
operation, the receiver combiners are interconnected to provide an output 
with the optimum signal-to-noise ratio, and under certain conditions, provide 
a signal-to-noise ratio improvement of 6 db. Under any circumstances, the 
output from the receive group is always equal to, or better than, the output 
of any one receiver. The receive outputs are then applied to the terminal 
facility. 


At the terminal facility, the receive outputs are connected to the 
modulation patching panel, wherein they can be terminated, or patched to 
the multiplex. At the multiplex, the received signal is demultiplexed 
and connected to the appropriate VF or data facilities. 


In addition to the transmit and receive equipments, there are the 
common equipments. These generally consist of the terminal facility, the 
performance monitor, and the fault indicator. These common equipments are 
discussed in detail in Chapter VII. Another group of support equipment, the 
heat exchanger, dummy load and the dehydrator, will also be discussed in that 
chapter. 


The foregoing discussion has been basically for a quad-diversity 
system, Figure IV-A-13 is a simplified diagram of a dual-diversity configura- 


tion. 


4. LOS Site Configuration: 
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LOS site configuration is not radically different from tropo. 
The VF multiplex equipment can be (in {CS it is) the same type for LOS om 
or tropo. Antennas are different and the radio equipment between VF ) 
mux and antenna is usually different. {CS has four LOS shots that use 
tropo radio equipment TSN-VTU, LBN-VTU, PRG-PRL and HUE-PHB. Of course 
they all use much less power than a tropo shot. 


Figure IV-A~14 is a highly simplified block diagram of an LOS radio 
terminal, As in a tropo terminal, there is a transmit group and a receive 
group. 


The functions of the major components are: 4 


Input Unit - Filters out unwanted input and amplifies the desired signal. 


Exciter «= The basic FM transmitter with about 10 watts output. . 
Demodulator = Restores signal to original form. ( 
Output Unit = Filters and amplifies desired output signal. ( 


Figure IV-A-15 depicts a frequency diversity IMS system. 


S, Antennas: 


Tropo and LOS systems use basically the same types of antennas, 
but the tropo antennas are much larger. A tropo antenna receives a very { 
low level signal from the distant site compared to an LOS system, Therefore : 
because antenna gain depends on size (among other things), a tropo antenna 
is usually considerably larger than a LOS antenna, REL Fact Sheet No. 14 . { 
presents a good explanation of tropo antennas (Figure IV-A-16). The type ) 
of antenna system used for a particular tropospheric scatter installation a 
depends on the frequency, gain requirements, environmental conditions, and q 
mobility requirements. The types range from 120-foot antennas for fixed 
installations to air-inflatable types for mobile terminals, 


Figure IV-A-17 is a photograph of a high-gain antenna system used 
for tropospheric scatter systems operating in the frequency range of. 700-1000 
mHz. The reflector is a four-sided steel structure which is shaped into a 
parabolic reflector at its face by steel plates. The structure is 60 feet 
wide and has an over=all height of 65 feet. At 1000 mHz, this 60-foot reflector ( 
will provide a gain of approximately 42 db. The feed system, consisting of 
wave guide, wave guide horn and supporting tower, is located approximately 30 
feet directly in front of the reflector. The wave guide feedhorn is mounted ‘ 
at the top of the tower and is located at the focal point of the reflector. 


Figure IV-A-18 shows a different type of feed system. In this case, 
the feed system extends through a hole in the center of the reflector 
instead of being supported in front of the reflector. The energy is directed 
out to the feed system and then reflected back to the reflector. The 
parabolic reflector is 30 feet in diameter, The focal length is 9 feete 
Gain provided by this system at 1000 mHz is approximately 36 db. 


Iv- 8 


Figure IV-A-19 shows a 28-foot parabolic reflector and feed system, 
The wave guide feed system is supported in front of the reflector. The 
weight and wind resistance is reduced considerably by using a grating 
surface for the reflector instead of a solid reflector. The openings can 
be regarded as short wave guides designed to be far beyond cutoff for the 
frequency band over which the antenna is to be used. 


An antenna system designed for used with transportable scatter 
terminals is shown in Figure IV-A-20. The 15-foot parabolic reflector 
on this type of antenna consists of a circular envelope, formed of two 
fiberglas fabric sections. The inner surface of the rear fabric section 
is coated with aluminum to serve as the reflector. The reflector assumes 
the shape of a true parabolic form when the envelope is inflated. Focal 
length of the reflector is six feet. The inflation equipment consists of 
a motor-driven centrifugal blower, relief valve and check valve, and hose 
connections. The blower and accessories are mounted on the supporting 
tower, 
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Figure IV-A-1 
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PRINCIPAL GROUND-TO-GROUND COMMUNICATION MODES UTILIZING 
MICROWAVE (70 MHz to 20GHz) REGION OF RADIO SPECTRUM; CHARACTER- 
ISTICALLY WIDE-BAND SERVICE (100 kHz to 20 MHz). 


Useful Range Characteristics Comments 


; Low-cost, high-performance 
0 to 35 miles, 0.1 to 10 watts, |wide-band system; replaces 
depending two to 10-foot [costly right-of-way mainten 
on (h). antennas ance of coaxial or multiple 

LINE OF SIGHT h hale 

(LOS) cable or overhead wiring. 


Only practical system of 
global coverage using three 
upto 1/2 circum - active synchronous satellite 
ference of earth |1 to 15 kW, (22,000 miles from earth) or 
depending on 30 to 85 -foot a number of orbiting satel- 
satellite orbit antennas lites (dependent on distance 
and (@) covered and altitude) in con- 
junction with multiple earth 
earth stations. 


30 to 70 miles, |0.1 to 100 watts, 
depending on six to 28-foot 
DIFFRACTION » |(h) and Ng) antennas 


Diffraction mode is very 
specialized form of UHF 
(Plane Surface) used only rarely where 
rugged terrain prevents use 
of direct LOS and permits 
longer path with obstacle 
gain. 


30 to 120 miles, |0.1 to 100 watts, 

depending on six to 28-foot 

(h), (Ng) and (Go) }antennas 

Great attention is being given 
to refining propagational 
computation in the diffrac - 
tion region because of need 
for utilization in tropo path 
predictions. 


Reprinted with permission of Radio Engineering Laboratories 


30 to 120 miles, |0.1 to 100 watts, 
depending on six to 28-foot 


“SZ fin), (Ng), (G 
DIFFRACTION ae ae aii 


(Rough Surface) 


Only practical wide -band, 

1 to 100 kw, reliable ground-based metho 
70 to 600 miles, |10 to 120-foot of achieving 70 to 600 mile 
depending on antennas, hop where unsuitable inter - 
many factors refined modula- |vening territory prevents 
tionand receiver |use of LOS or diffraction 


techniques modes. 
7 (h) =height of antenna center {Ao) =obstacle absorption 
(Ng) =refractive index (d) =distance between stations 
(Go) = obstacle gain (@) = scatter angle or angle of elevation 
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Figure IV-A-2 
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WHAT IS FM TROPOSPHERIC SCATTER RADIO WAVE PROPAGATION ? 


Forward Propagation Tropospheric 
Scatter is a method of ultra-high fre- 
quency FM radio communication that 
permits reliable multi-channel tele- 
phone, teletype and data transmission 
without line-of-sight restrictions or 
the use of wire or cable systems. 

In order to understand "'tropo" it 
is necessary to know certain princi- 
ples about the earth's atmosphere. 
The troposphere is the lowest area of 
the atmosphere extending fromthe 
ground to a height of slightly over six 
miles. It is in this tropospheric area 
that virtually all weather phenomena 
take place. Just as the atmosphere 
is made up of various layers such as 
the troposphere, stratosphere and 
ionosphere, the troposphere itself is 
made up of various layers. These 
constantly shifting but sharply defined 
layers differ in temperature and mois- 
ture content and, therefore, in refract- 
ive index. In addition, the boundaries 
between layers act as reflecting sur- 
faces. 

It is because of the phenomena of 
refraction and reflection within the 
troposphere (the most popular theory 
holds) that the scatter method is pos- 
sible. Radio energy, like light and 
other forms of propagated energy, is 
subject to the laws of refraction and 
reflection. A radio frequency signal 
directed upward from a transmitting 
antenna through the stratified air of 
the troposphere undergoes a complex 
series of partial reflections and re- 
fractions. Most of the energy is scat- 
tered and diffused, but a minute portion 
is scattered downward over the hori- 
zon. This small fraction of radio 
energy (over a 200-mile span about 
one-hundredth-quintillionth of the trans- 
mitted power) reaching the receiving 
site has been made usable for com- 
munications by the development of 


powerful transmitters and sensitive 
receivers. 

Numerous communications networks 
extending for thousands of miles are now 
in operation utilizing "'tropo" terminals 
with hops of 309 miles or more. These 
relay hops are accomplished by the use 
of both transmitting and receiving equip- 
ment and antennas at each terminal. At 
the initial transmitting point, many sep- 
arate telephone conversations and tele- 
graph messages are combined intoa 
single radio signal. A "feed horn" on 
a tower beams it out toward the horizon 
like a huge, precisely aimed searchlight. 
The minute reflected portion of the signal 
is picked up by a parabolic receiving 
antenna well over the horizon. There it 
is re-amplified and sent on its way again, 
if necessary, for another leap over the 
horizon toward its destination at the other 
end of the circuit. 

"Tropo' has many advantages over 
other methods of long distance commun- 
ications. In addition to being more eco- 
nomical in areas where construction and 
maintenance present problems, it is rel- 
atively free from atmospheric interfer- 
ences which affect other transmission 
methods. 

In the struggle for the balance of po- 
wer, REL's "'tropo" scatter equipment, 
both stationary and mobile, provides the 
free world with a vital means of reliable 


communications. 
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History of Tropo 


Communication by means of 
tropospheric scatter propaga - 
tion is a method of point to 
point communication by a com- 
mon reflection volume in the 
lower atmosphere known as 
the troposphere. It is a re- 
latively new method of com- 
munication and has only come 
into widespread application 
in the last decade. In fact, 
it is so new that the mechan- 
ism of propagation is still be- 
ing argued by experts. Some 
years ago, it was believed 
that practical transmission of 
high frequency energy was 
possible only to the horizon 
because of the extreme re- 
duction of received signal 
strength beyond the horizon. 
This theory was eventually 
questioned because of certain 
long - distance transmissions 
observed during wartime use 
of radar, postwar highpower 
FM and TV broadcasts and 
long-distance amateur com- 
munications. 

The development of tropo 
as a practical means of com- 
munication is an interesting 


chapter in the history of com- 
munications: 


ing 


GUGLIELMO MARCONI 


The earliest recorded ex- 
perimental work was carried 
out during the period 1928 to 
1933 by Marconi. Ina report 
written in 1933, he stated: 
"Further improvements in the 
apparatus are likely again to 
revolutionize radio communi- 
cations." In the mid and late 
thirties, many amateur and 
professional radio engineers 
conducted experiments in the 


Figure IV-A-3 


VHF and lower UHF bands. 
By the end of this period many 
theories were expounded to 
account for beyond the horizon 
propagation. The affects on 
received signals because of 
weather were noted, the phe- 
nomena of rapid fading were 
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NORTHERN TESTS: Paths of 
the first far northern tropo 
propagation tests using REL 
gear in 1953, which proved 
the practicability of a plan- 
ned tropo scatter system. 


observed and various theories 
were put forward to account 
for this propagation. 

With World War II came 
a rapid advance in research 
in microwaves. The intro- 
duction of radar and UHF 
communication sets caused 
some unexplainable interfer - 
ence difficulties and the ob- 
servation of radio reception 
at great ranges. 

After the war more re- 
search took place. In the 
U.S., the licensing of VHF 
television stations had to be 
suspended when ranges ex- 
ceeded predictions and inter - 
channel interference took 
place. By 1950 sufficient re- 
search had been conducted so 
that the first methods of es- 
timating performance for 
multichannel over the hori- 
zon cOmmunications were ex- 
pounded. Basedon the combin- 
ation of the experimental evi- 
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dence which had been gather - 
ed, the availability of high 
powered transmitters, sen- 
sitive receivers, large an- 
tennas, and diversity receiv- 
ing techniques, practical tro- 
po communications systems 
became possible. 

The natural advantages of 
this form of communication 
for the military became ob- 
vious and on the basis of ex- 
periments and tests the first 
operational multichannel 
tropospheric scatter system 
was installed. This was in 
1954 in Canada and became 
known as the Polevault sys- 
tem. Since that time equip- 
ment developments, better 
understanding of tropospheric 
scatter propagation and better 
prediction methods have 
brought about operational sys- 
tems meeting the highest in- 
ternational standards. In 
addition, tropo can be install- 
ed anywhere in the world and 
provide great reliability in 
and mili- 


both commercial 
tary systems. 


POLEVAULT: REL designed 
and produced the FM radio 
equipment for the first major 
tropo scatter system. 


Marconi's predictions were 
proven correct by the practi- 
cality of tropospheric scatter 
communications systems. The 
development of the right equip- 
ment twenty years after his 
original work started a new 
branch of multichannel com - 
munications that has become 
a significant factor in the 
overall communications art. 
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EXPLAINING DIVERSITY RECEPTION IN FM TROPOSPHERIC SCATTER SYSTEMS 


The development of powerful transmitters, 
high-gain parabolic antennas and sensitive 
receivers has made possible reliable com- 
munications through FM tropospheric scatter 
radio wave propagation. By definition alone, 
most of radio signal beamed over -the -horizon 
through the troposphere is "scattered" and 
diffused. This diffusion of radio energy or 
scatter loss may be defined as the additional 
loss between transmitter and receiver when 
compared tothe loss over free space that 
occurs in line-of-sight transmission. 

Losses in scatter transmission depend 
primarily on the distance between terminal 
hops, scattering angle and frequency. In 
addition, however, scatter loss itself is 
statistical in character and is subject to 
several types of fading. Fading can perhaps 
be better explained as fluctuations or time 
variations in the received signal. These are: 
FAST FADING — rapid fading (momentary 
variations as high as 20 fades per second) is 
the result of turbulent masses of air that 
cause reflectionsvariating atrandom according 
to place and time. 

SLOW FADING -— slow fading (daily, weekly 
or monthly variations) is the result of changes 
in refractive index of the atmosphere and is 
superimposed on the fast fading. 

SEASONAL FADING — in general, scatter 


Single Frequency Transmission 
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loss is minimized in daytime hours of sum- 
mer. Poorest scatter propagation periods are 
at night in winter. Transmission is better 
over water than land, but is no better over 
frozen water than it is over land. 

Fading phenomena can be somewhat over - 
come by a large increase in the power trans- 
mitted by producing a signal-to-noise ratio 
so large that fluctuations are not noticeable 
in the communications channel. This high 
power solution is not practical or economical, 
since modest amounts of power provide ade- 
quate and reliable service when combined 
withdiversity reception and high-gain antennas. 

In diversity reception a choice of signals 
is made from information received along dif- 
ferent transmission systems. This may be 
accomplished by individual use of space di- 
versity, frequency diversity or polarization 
diversity, or by a combination of any two or 
all three. Ultimately, each signal received 
makes a contribution to the final output sig- 
nal by a combining method which offers a 
signal-to-noise ratio more favorable than that 
of the strongest signal alone. 

REL tropo equipment designed and manu- 
factured for the Ballistic Missile Early Warn- 
ing System employs all three diversity methods 
by using two transmitters, four receivers, 
and two antennas at each terminal site. 


Space/Single Frequency Transmission 
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Space/PolarizationAingle Frequency Transmission[[Space/Polarization/Dual Frequency Transmission 


Fl=First Frequency; F2=Second Frequency; H=Horizontal Polarization; V=Vertical Polarization 


Space Diversity occurs when two an- 
tennas are placed at more than 100 
wavelengths apart. A signal received 
generally will not fade simultaneously 
at both antennas. 


WAVELENGTH 
PLUS 


SPACE DIVERSITY 


Polarization Diversity occurs when 
two transmitters send signals of dif- 
ferent polarity — one horizontally and 
one vertically. Signals of different 
polarity generally will not tade simul- 
taneously at the receiving antenna. 


POLARIZATION DIVERSITY 
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Frequency Diversity occurs when two 
transmitters send signals on slightly 
different frequencies. The received 
signal at a given location generally 
will not fade simultaneously in the two 
receivers. 
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Figure IV-A-10 Use of Antenna Diplexer 
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Figure IV-A-11 Typical Filter System for a Tropospheric Scatter Circuit 
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Figure IV-A-12 


RF PRESELECTORS 


EXPLAINING RADIO FREQUENCY PRESELECTORS 


RF preselectors are bandpass 
filters which improve selectivity 
in radio reception by rejecting 
unwanted frequencies at the Radio 
Frequency input stage. 

In non-technical language and 
using a very simplified analogy, 
a preselector may be compared 
to a keyhole in a door between a 
darkened room and a brightly lit 
corridor. The keyhole permits 
only a limited amount of light to 
pass into the darkened room. In 
much the same manner the pre- 
selector is a selective device 
which rejects unwanted frequencies 
and allows only a desired signal 
to "pass through" at the RF input 
stage. 

In normal radio reception, 
whether it be AM or FM, signal 
selection is accomplished at the 
lower frequencies by means of 
electrical components such as 
coils and condensers. At the 
higher frequencies such as in the 
microwave bands, however, mech- 
anical devices in the form of co- 
axial or waveguide -type preselect- 
ors are needed to perform the 
same function. 

RF preselectors are actually 
mechanical devices which are 
capable of ''selecting"' desired fre- 
quencies by virtue of the resonance 
properties of their physical dim- 
ensions. Ina coaxial preselector, 
for example, the tuning to re- 
sonance (the desired frequency or 
limited band of frequencies which 
is permitted to "pass through") is 
accomplished by varying the length 
of the inner conductor of each 
cavity section. Since these coaxial 
and waveguide-type preselectors 


REL Modular-Type 
RF Preselectors 


consist essentially of metal cav- 
ities, rods and plates, they are 
familiarly referred to as 'plumb- 
ing" by radio engineers. 
Although these selective de- 
vices are also often used as band- 
pass filters in multiplier strings 
for the selection of the desired 
harmonic frequency, or at the RF 
terminal of exciters for the sup- 
pression of unwanted spurious 
outputs, their most demanding 
application is in their function as 
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selective RF input circuits of 
extremely sensitive high frequency 
receivers. Thisisespecially true 
for FM receivers used in the 
tropospheric scatter mode of 
operation where the level of sig- 
nals appearing at the RF input 
may be as low as a few million- 
ths of a volt. Since the received 
signal must overcome the so- 
called thermal noise (random 
frequencies) generated in the re- 
ceiver itself in order to produce 
high quality intelligence at the 
output, it is of paramount 
importance that the RF preselector 
have as low an insertion loss at 
resonance as possible. In other 
words, ideally the desired receiv- 
ed signals must not be attenuat- 
ed by the preselector. 

In recent years, REL has in- 
troduced a new modular concept 
in RF preselector construction 
which permits a closer approx- 
imation of the theoretical, or 
ideal, performance characteris- 
tics of such devices than was ever 
possible in the past. Both coax- 
ial and waveguide preselectors 
have been designed and manu- 
factured by REL for operation in 
RF tuning ranges covering the 
region of 100 mc to 10 kmce. 
Preselectors operating in fre- 
quency ranges up to approximately 
3 kmc are all of the coaxial type, 
while those for higher frequencies 
are of waveguide structure. 

REL preseiectors, through 
inherent design and precision 
manufacturing, now offer the low- 
est insertion loss believed fea- 
sible at the present state of the 
art. 


A Typical REL Five-Cavity Waveguide Preselector 
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Figure IV-A-16 


Tropo Scatter Antennas 


Antennas -- devices used 
for radiating or receiving 
radio waves -- act as con- 


ducting links in electronic 
systems. which depend upon 
free space as the propagation 
medium. 

As a basic component in 
any radio system, the initial 
function. of an antenna is to 
transfer in the form of an 
electromagnetic wave, radio 
frequency energy generated 
by the transmitter. To com- 
plete the conducting link, the 
radiated wave intraveling 
through space is intercepted 
by the receiving antenna. 

The efficiency of an an- 
tenna system depends on how 
much of the transmitted en- 
ergy can be retrieved by the 
receiving antenna. This ef- 
ficiency is determined to a 
great extent by radiation pat- 
tern and beamwidth. 

Broadcast radio has low 
efficiency because it must 
radiate energy more or less 
equally in all directions. 
Point-to-point radio, by con- 
trast, uses directional 
transmitting antennas which 
concentrate power into nar - 
row beams "aimed" toward 
highly directional receiving 
antennas. "Gain" ishigh 
because as much of the in- 
coming signal as possible is 
collected and unwanted radi- 
ation from other directions 
is rejected. 

In the case of forward 
tropospheric scatter radio 
propagation, point -to- point 
communications is enhanced 
to permit longer than line- 
of-sight distances by using 
free space between earth 
and the tropopause as an in - 
termediate reflector. 


a 
"Pencil-shaped" beam of para- 
bolic antenna radiation pattern. 


Radio beams, 
beams, 


like light 
can be formed by 
reflection as well as by re- 


fraction. Since radiation di- 
rectivity and narrow beam- 
width are prerequisites for 
an efficient high-gain tropo 
antenna system, the rules of 
optics have been followed to 
provide the best possible re- 
sults at the microwave fre- 
quencies. 

Antenna designers, util - 
izing the optical theory of a 
lens and light source arrange- 
ment for narrow beam focus- 
ing, have evolved similar 
antenna - reflector combina- 
tions. In the same manner 
that an optical lens must be 
illuminated by a light source, 
a radio beam reflector must 
have a primary radiator. In 
a microwave radio system 
this primary illumination is 
most often accomplished by 
an electromagnetic horn - - 
an "open" end of a waveguide 
commonly referred to as a 
"feed horn." 

Completing the horn-re - 
flector combination at the 
present state-of-the-art, 
REL tropo systems utilize 
parabolic reflectors in con- 
junction with "feed horns" to 
form high-gain parabolic an- 
tennas. 

In transportable applica- 
tions, the tropo antenna, 
fabricated as a single struc- 
ture, consists of a paraboloid 
of revolution illuminated by 
a center-feed waveguide horn 
located at the focus of the 
paraboloid. 

For fixed installations, 
normally involving longer 
path lengths, a parabolic 
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section is substituted as the 
reflector; allowing the 
"feed horn" to be separately 
located at the focus of the 
aperture of the antenna 
This latter configuration is 
more efficient since it elimi- 
nates aperture blocking and 
the direct reflection of ener - 
gy back into the feed. 

In either configuration, 
the principle of operation is 
similar: During transmis - 
sion the reflector concen- 
trates the radiation into a 
parallel beam. For recep- 
tion, incoming radiation is 
reflected to the receiving 
antenna ("feed horn") at the 
focal point. 

Physically, horn-reflector 
combinations can assume a 
variety of configurations 
utilizing optional materials. 
Depending primarily on geo- 
graphical location and cli- 
mate, reflectors (slang: 
dishes or billboards) can be 
made of wire screen or sheet 
metal. The "feed horn" it- 
self, while basically an 
Opening, can assume a var- 
iety of shapes such as a 
flare-out or funnel. The end 
of the horn is usually capped 
with an insulating material 
transparent to the radio fre- 
quency involved as a means 
of maintaining internal pres- 
sure within the waveguide 
system, and as a means of 
protection from the elements. 

Since "gain" is a function 
of both size and wavelength, 
antenna sizes vary, again 
depending upon site eleva- 
tion, length of "hops" from 
one tropoter minal to another, 
and other power, channel and 
frequency requirements of 
the particular system. 


Parabolic reflector action with 
"feed horn" at the focal point. 
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Figure IV-A-17 Sixty Foot Parabolic Antenna System 


IV - 22 


~_ - 


Mma 


- ww eo ww ~~ + 
a 
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Figure I[V-A=20 
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B. VOICK FREQUENCY MULTIPLEX TERMINAL: 


1. Frequency Division Multiplexing: 


The primary type of multiplexing utilized in Army communications 
systems is “frequency-division multiplex” (FIM). 


Frequency division multiplex is a system where individual 

Voice Frequency channels are translated up in frequency so 

that each channel is occupying a frequency slot 4KHz higher 

than the preceeding channel. This allows the transmission 

of many channels over one circuit with maximum economy of 

spectrum spacee 

See Figure IV-B-1 for an example of modulation with discrete frequencies. 
If the original (modulating) signals form a continuous band (such as the 
Components of human speech), Figure IV-B-2 depicts the result. It ean be 
seen that each frequency component in the original Signal created two 
components in the output. It is only necessary to retain one of these to 
transmit all the information in the original modulating signals. This is 
done by removing either the upper or lower sidebands with a filter, 


The term "multiplex" implies that more than one message will be 
transmitted at the same time over the same means, wire, radio, cable, etc. 
This is done by duplicating the process shown in Figure IV-B-2 using 
different carrier frequencies for each message channel to be transmitted. 
The normal arrangement of channels is 12 channel “GROUPS". The generation 
of a single GROUP is shown in Figure IV-B-3, Using the reverse of this 
translation process at the receiver, it is possible to regain the basic 
modulating signal, The precess of assembling a group, depicted as a sequential 
procedure in Figure IV-Be3, actually occurs simultaneously in parallel for 
all channels as shown in Figure IV-B-4, 


After the basic GROUP has been formed, there is no reason to stop 
there. Using GROUPS as the modulating signals with new carrier frequencies, 
SUPER-GROUPS are formed (Figure IV-B«5). Again, the process takes place 
in parallel. (Figure IV-B-6), 


The 60echannel SUPERGROUP is the largest building block normally 
used in FDM systems. Figure IV-Be?7 illustrates how 16 SUPERGROUPS can be 
Combined to form a 960 channel system. Note that SUPERGROUP 2 (SGR 2) 
undergoes no modulation and comes through at the basic SUPERGROUP frequencies, 


Note on Figure IV-B-7 that the lowest frequency found in the 
composite signal is 60 kHz. The band below this frequency is used for 
various purposes: voice or teletype order wires, transmission of alarm 
and monitor signals, or even for an additional 12-channel GROUP, 
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The complete process of generating a 122-channel svstem is summa- 
rized in Figure IV-P-@, The equinment recuired for an FD™ system is shown 


in Figure IV-B-9. Here it can be seen that one of the advantages of such 


a system is that many subassemblies can be used several times, An attractive 


feature from the maintenance and spare parts of view, 


The modulation plan discussed above is not the plan used bv 
Lenkurt in the AN/FCC-17, the multiplex used in the ICS. The Tenkurt 
plan (to be discussed in detail in Chapter VIT) is not comnatible with 
most other multiplex equinment at the channel level because it onlv uses 
six different channel carriers instead of the twelve as discussed above, 
The AN/FCC-17 is however, comnatible with other svstems at the GROMP and 
SUPERGROUP levels. 


An often used term is the "hasehand sienal", The hasehand found 
in the cg REL 2600 equinment, for example, starts at 12 k¥% ani may 
extend up to 1052 kHz in the case of a 252 channel svstem. The hasebard 
is the band of freauencies that contains the composite messare channel 
signal that results from the basic freouency division multinlex scheme, 
Another term commonly used, to express the same signal is the "RF signal." 
This term is a slight misnomer, in that "out-of-band" signals, such as some 
types of order wires (see Section C}, are also usually RF (radio frenuencv) 
signals, but are not in the baseband, 


2. Pilots: 


There are two purposes for pilot tones in VF multiplex equipments 
The first, the system pilot, is used to synchronize all the carrier osci- 
llaters in the system to the same frequency. The second, alarm pilots,is 
used to warn of system degradation and to assist in locating problems in 
the equipment. 


3. Carrier signals 


The channel, GROUP and SUPERCROUP carrier frecvuercies are derived 
from a crystal-controlled oscillator. The oscillator is housed ina 
temperature controlled oven so that the frecuencv is virtuallv indenerdent 
of ambient temperature variations. A 96 kHz synchronization pilot is 


combined, 16 DB below the normal transmission level, with the line frequency 


output. The pilot is received at the distant terminal and is fed to the 
master frequency generator shelf. A phase detector in the master freouencv 
generator shelf compares the vhase of the pilot with a locallv generated 
96 kHz signal and produces an error voltage which is nrovortional to the 
phase difference of the two signals. The error voltage then is anvlied 
to the oscillator which chanees frequency in rvronortion to this error. 
Thus, all channel, GROUP and SUPERGROUP carrier frenuencies are varied 
according to the original error, and frequency svnchronization is main- 
tained. If the synchronization vilot is lost for anv reason, the master 
frequency generator shelf locks on the last received signal by means of 
a servomechanism which controls a voltage reference and maintains 
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the phase detector output at zero. 


In order to regain the transmitted information at the receiver, 
it is essential that the demodulating carrier frequency be exactly the 
same as that used for modulating. This is insured, as discussed above, 
by using the SYSTEM pilot transmitted by the "master station" to synchronize 
the local frequencies of all other stations, which operate as "slaves", 
Referring again to Figure IV-B=5, observe that GROUP 1 is in the frequency 
range 312360 kHz after the SUPERGROUP is formed. When demodulating down 
the SUPERGROUP at the distant terminal, if a carrier frequency of 419.5 kHz 
were used (only 0.12% error) GROUP 1 would be placed in the frequency range 
59-5 to 107.5 kHz. Then, instead of having channel 12 of GROUP 1 in the 
frequency range 60 to 64 kHz, there will be a portion of channel 12 and a 
portion of channel 11. If these channels were used for voice circuits, they 
might still be operational (but with greatly reduced quality). However, if a 
teletype carrier tone pack were on any of the channels in the entire SUPER- 
GROUP, the small error in the carrier frequency would make the tone pack to- 
tally unusable since each channel on the pack is only 170 Hz wide. You can 
readily see the value of the "master" = "siave"” relationship. 


4, Alarm pilots 
Another use of pilots is in automatic level regulation. A GROUP 


pilot, either 64 kHz or 104 kHz is combined into and transmitted with 
each 12 channel group. Normally the 64 kHz pilot is used. The GROUP 
pilot, 16 DB below the GROUP transmit level (34.5 dbm), provides a level 
index throughout the main signal path. Failure to receive this pilot at 
the distant terminal is an indication of loss of a complete 12 channel GROUP. 
Two other uses of pilots are in alarm systems and in maintenance. 
5, Thru-grouping: 
Consider the layout of a communications system shown in Figure 
IV-B-~10. An analysis of the system shows the following equipment require- 
ments (Figure IV-B~ll). 
Term A 1 Group MODEM 
3 Channel MODEMS 
Term B 2 Group MODEMS 
5 Channel MODEMS 
Term C 1 Group MODEM 
2 Channel MODEMS 
Notice, that at Terminal B it is planned to “break down" the entire 
signal into voice channels and then cross-connect the 8 thru-channels. 


What was the value of demodulating those 8 channels? All that resulted was 
that some noise was added to the signals because each had to go through 2 
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additional channel MODEMS. In fact, if this is done too many times, the 
signal becomes so noisy it is unintelligible. This problem is overcome 
by what is called, “thru-grouping™, which not only improves the signal- 
to-noise ratio but also cuts down on the equipment requirement. Figure 
IV-B-12 shows Terminal B when thru-grouping is used. The savings in 
equipment amounts to two channel MODEMS, however, it was necessary to 
add a thru-group filter. 


Even though GROUP #3 ‘EST is connected to GROUP #2 EAST, there 
is no frequency compatibility problem since all GROUPS occupy the band 
60-108 kHz. The purpose of the thru-group filter is to eliminate the 
noise outside of this band and prevent its transmission over the next 
link. Since the send and receive >xaths are separate, two thru~group 
filters are required for each connection. Regular channel MODEMS do 
not require filters; however, some special 12-channel systems do (Figure 
IV-B-13). 


When the number of through channels warrant, it is also possible 


to use thru-supergroup filters. These are not found in the [{CS; however, 
every site has several thru-group filter pairs. 
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C. ORDER WIRES 


le General 


In transportable "tactical" equipment there is normally an "order 
wire" or "engineering channel" associated with the VF multiplex terminal 
equipment. This is not necessarily the situation in fixed-plant eouip= 
ment. 


There may be a regular voice channel allocated as an order wire fron 
terminal to terminal. This is referred to as an "in-band" order wire. 
In addition, there is usually an "out-of-band" channel that can be used for 
order wires, alarm circuits, or other ergineering nurnoses. This channel 
is called "out-of-band" since it is transmitted over a frequency band outside 
of the message bandwidth. The "out-of-band" channel, often called the 
"supervisory channel", does not vass through the VF multiplex eauirment but 
is combined with and extracted from the message signal in the radio terminal 
equipment (Figure IV-C-1 


MESSAGE SIGNAL 
(FROM MULTIPLEX 
EQUIPMENT ) 


SUPERVISORY 
CHANNEL 


MESSAGE SIGNAL 
(TO MULTIPLEX 
EQUIPMENT) 


SUPERVISORY 
CHANNEL 


Figure IV-Ce1 Supervisory Channel 


2. ICS APPLICATION 


In the ICS “out of band" er supervisory order wires are used for mainte- 
nance of the multiplex and radio equipment, In a typical EE building this equip- 
ment is usually separated from the tech control facility. The "in-band order 
wires are used to maintain the individual circuits. 

A simpler explanation is that the "out of band " order wires are used from 
RF room, and " in-band order wires are used from tech control to tech control. 


D. VOICE FREQUENCY CARRIER TELEGRAPH SYSTEMS (VFCT 


1. General 


A number of telegraph channels mav be obtained in a svecific 
frequency band (such as that of a 4 kHz channel of a multichannel telephone 
system) by dividing this band into narrower channel bands, Each channel 
is separated from the others by filters. The most commonly used channel 


spacing is 170 Hz, yhich will allow 16 teletype channels for every 4 KHz 
voice channel. 


In some cases, a mltichannel telegrapnh svstem comprises two channel 
groups, one using channel frequencies generated directly and the other using 
higher freauencies provided by moving upward the frequencies of a grounv of 
channels similar to the first. This freonency transformation is accomolished 
by a group modulator after the individual channels have been keyed or mod= 
ulated by the telegraph signals. At the distant end, the frequencies of 
the high group are restored by a grouv demodulator before they are impressed 
on the ac telegraph channel receiving equipment. This procedure reduces the 
number of oscillator frequencies and types of filters required. (This is 
the technique used in the AN/TCC-4), 


In multichannel telegraph systems a different carrier frequency is 
supplied for each channel. This carrier is modulated at the sending end by 
operation of the (teletype) sending equipment, which originates signals at 
its contacts in de form. At the distant end, the carrier signals are de- 
modulated (restored to direct current) to actuate the (teletype) receiving 
instrument. Military systems generally use carriers in the voice-frequencv 
range; however, some systems use frequencies above this band. These systems 
can be operated over any good telephone-tvne circuit, wire or radio; however, 
radio circuits are less suitable because they are frenuentlv subject to short 
bursts of interference and sudden changes in attermation. 


In frequency-shift modulation (Figure IV-D-1), the carrier is shifted 
between two frequencies-one frecuency represents marking pulses, and the 
other frequency represents spacing pulses. These two freouencies are 
equally spaced with respect to the midband or nominal channel frequency. 
Frequency-shift modulation (PSK, frequency-shift keying) systems are the 
most commonly used today. 


Iv - 41 


2. Onerating Power Levels 


In an ac telegraph svstem, a channel power level must be used 
that is high enough to vrevent excessive signal distortion from notse or 
other interference. However, the rower level. must not be so hish that it 
causes objectionable interference to other commmications. A number of 
channels using the same facility wil]. overload common enuipment, such as 
amplifiers and modulators, if the levels are too high (™ 11-400-2); this 
results in interference between channels. Also, a power level. that is too 
high may vroduce obtectionahle cross induction into narallel communication 
channels. (See Section D, Chanter XVITT). The ICS uses 60 mA neutral keying 


for its in« house circuits 
3. Channel Lavout 


A typical NC and audio jack lavout is shown in Figure TY- D2, 
This arrangement facilitates vatching and testing of the DC and audio lines. 
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FIGURE }VaD=1¢ Elements of frequency-shift carrier 
telegraph system. 
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E. PATCH PANELS: 


A complete understanding of the various patch panels found in the 
station is a key to mastering the entire system, The use of numerous 
patch panels is one of the vrimary differences between tactical and 
fixed-plant stations. Although it takes much longer to install a circuit 
in a fixed-plant than in a tactical system, the natch panels in the fixed- 
plant provide much greater reroute flexibility and test canability. The 
capabilities and flexibility of fixed-nlant vatch nanels are much greater 
than those of tactical equipment such as the SB-675 or 611. 


A simplified diagram of several systems is shown in Figure IV-B-1,. As 
each system and circuit is engineered and installed, it is possible to 
assign to it specific pieces of equipment. However, during operations it 
is highly desirable to be able to aiickly monitor or change the connecting 
signal paths for either testing or rerouting. 


The patch panels to be considered are the = 
Circuit Patch Panel 
Voice Frequency Patch Panel 
Group Patch Panel 
as shown in Figure IV-E -2, 


After the circuit has been engineered it is "hard-wired" through the 
station to connect the various items of eauinment in the nroner arrangement. 
Each set of jacks on the patch panel has IN and OUT terminals and, under 
normal conditions, these are connected straight through. See Figure IV: E-3 
which depicts a set of voice frequency (VF) jacks. This jack set, for one 
complete 4-wire circuit, has several features that are common to most vatch 
panels: 


1. It is possible to monitor transmission in either direction without 
disturbing the circuit. (A plug inserted in the MON jack will place the 
monitoring or test device in the circuit vroverlv; in parallel since this 
is an audio circuit). 


2. The input is connected to the output under normal conditions. 

3, Jacks are provided for rerouting purposes (MOD IN, DEMOD OUT, FQ 
OUT, EQ IN). When a jack is inserted into one of these, the norml IN to 
OUT path is broken and the new path is through the vatch cord. 


Nearly all patch panels have these general characteristics, although 


the name, quantity, and arrangement of jacks will varv. Detailed descriptions 
of the various patch panels will be given later; however, Figure IV-E ~4 shows 


where atl of the various panels, found at ICS Sites, fit into the system, 
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F ,. DISTRIBUTION FRAMES: 


If it were necessary to run separate lines from one piece of equipment 
to another to assemble the circuits in a fixed-plant installation, the office 
would very soon become a rats nest of wires, and orderly trouble shooting 
would become impossible. The solution to this problem has been the use of 
distribution frames, 


Rather than collect the inputs and outputs of each particular type of 
equipment at separate terminal points, the inputs and outputs of several 
types of equipment are brought to a common point-the distribution frame 
at which the signal may be "distributed" to the various pieces of equipment 
as required. 


Although it is not an essential feature, most distribution frames have 
two sides; one of which is arranged in vertical columns, and the other in 
horizontal rows (see Figure IV«F+l). The standard procedure is to place 
the cables that are terminated on the frame on the vertical side since cable 
protectors are designed to be installed there. There are no definite rules 
on where the connections to other pieces of equipment will be placed. 

Figure IV-F-1l shows two "pin blocks" on the horizontal side. These are 

used to terminate station equipment but may be used for cable if the cable 
does not require protection. The inputs and outputs of each piece of equip 
ment are brought to the frame on "house cable" which is "permanently" 
terminated on the bottom of a horizontal block or the left side of a vertical 
one. Since the pin terminals go through the block, the top or right side is 
used to make "temporary" connections between pieces of equipment by running 
"jumpers", When it is desired to change the configuration of the circuit 

or deactivate it, the only changes needed are in the short jumpers, not in 
the house cabling. 


In large telephone exchanges it is common to have several distribution 
frames. There may be one "centrally located" called the "Intermediate 
Distribution Frame (IDF)". There may. also be one at which the outside cables 
terminate, the "Main Distribution Frame (MDF)". If the office is not too 
large, there may be only one frame, the "Combined Distribution Frame (CDF)". 


The proper operation of a distribution frame requires adherence to some 
very simple rules as to the routes to be followed when running jumpers and 
the correct procedure for making connection to terminals. These have been 
clearly specified in RCG LL TCG S&P Item Nre 0701. It is strongly recommended 
that all supervisory personnel become familiar with these standards and 
frequently inspect the frame to insure compliance. A large number of troubles 
eventually traced down to wiring problems are a direct result of not following 
these practices. 
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Fraure IV-EF-1, Section of floor-type distributing frame. 
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G, COMPLETE TERMINAL: 
A simplified block diagram of a complete terminal is shown in Figure 


IV-G 1. The diagram is only a guide to the arrangement of major items- 
detailed layouts applicable to ICS will be covered later, 
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V. TECHNICAL CONTROL 


A. GENERAL: 


Technical Control is a term that describes both 4 function and a 
physical area, The function is the coordination, operational control, 
and supervision of communication facilities, including the »erformance 
of tests and restoral of service, in consonance with operational require- 
ments and procedures. ~The physical area is the area that contains the 
equipment and facilities that enable the technical control personnel to 
perform these functions. 


The purpose of technical control is to provide the broad degree of 
system flexibility essential for consistent effective utilization of 
Communication resources. Application of this function requires the 
capability to selectively utilize various combinations of available 
transmission facilities and terminal equipment. 


Most terminal equipment has builtein patching jacks, meters, test 
points, and alarms that in themselves constitute a type of technical 
control facility. A technical control facility may be any area within a 
station where technical control functions are implemented. 


The technical control element to be found in many ICS sites will 
not necessarily contain all of the equipment found in other systems. 
However, the technical control configuration of these stations should 


be essentially the same, whether the site is located at a transmission nodal 


point, an AUTOVON switching center, an AUTODIN switching center, or any 
combination of these. 


B. TECHNICAL CONTROL FUNCTIONS: 


Technical Control is responsible for the functions outlined in the 
following paragraphs. 


1. Supervision of Transmission Quality: 


In accordance with an established program, the technical control 
is responsible for circuit, equipment, and system tests to determine the 
operating condition of all circuits and equipment within the station, as 
well as all circuits passing through the station. Circuits that have 
deteriorated to the extent that service to the user is interrupted, and 
circuits that consistently fail to meet prescribed standards, are removed 
from service, and any equipment or components that are measured to be out 
of tolerance are reported to the appropriate maintenance section. 
Maintenance personnel are notified of any circuits or equipment not in 
active use that are found to be below standards during the quality control 


tests. With this approach, all equipment and circuits can be maintained 
at a level of peak performance at all times. 


2. Substituting Equipment: 


When equipment failures occur on operational circuits, it is 
necessary for technical control personnel to make equipment substitutions, 
Generally, user service can be restored more rapidly by equipment substitu- 
tion than by attempting immediate repairs on faulty equipment. Equipment 
substitution also provides the opportunity for effecting any maintenance, 
scheduled or unscheduled, that might otherwise be impractical due to 
operational requirements. 


3. Coordinating Maintenance: 


Technical control personnel are involved in almost every aspect 
of. operation at the YC§ site. All user circuit requirements are known 
to these personnel. The inauts and outnuts of most equinment appear at 
patch bays and testboards in the technical control area, All order-wires 
terminate on patch panels in the technical control area. For these 
reasons, the personnel at the technical control are in an ideal position to 
determine faulty circuits, detect equipment failures, and coordinate the 
accomplishment of repairs with the appropriate station maintenance 
sections. This includes guiding maintenance personnel to the defective 
equipment, reporting observed trouble symptoms, patching around the affected 
circuits (equipment substitution), assigning priority to the repair work, 
and coordinating maintenance activities with connected technical control 
facilities when circuits must be interrupted. 


4, Accomplishing On-Call Patches: 


A technical control may be required to provide an on-call patch 
in cases where switching facilities are not otherwise available. For 
example, the requirement may be for provision of circuitry for a 
TELECON--a type of on-call patch. The technical control facility tasked 
to provide the service is responsible for all arrangements incidental 
to completing the circuit to the desired station, for coordination as 
may be required during the course of the on-call patch or TELECON, and for 
coordination in the restoration of the circuitry to its original functions 
upon completion of the call. 


5- Telegraph and Audio Channel Trouble Isolation: 


Each technical control is responsible for the receive side of all 
circuits at the installation. If it is determined that the circuit is 
Not operating Satisfactorily, the personnel at the technical control 
will analyze the circuit to determine the trouble. When it is determined 
that a circuit is faulty, the technical control at the receive station 
will proceed as follows: 


a. Coordinate with the distant technical control to stop 
traffic and make necessary tests to determine the quality of the circuit 
between the connected technical control facilities, If the circuit 
does not meet standards, restore service to the user on & Spare channel 
or by preemption of a lower priority circuit when 4 spare channel is not 
available, 


be If the channel between the connected technical controls 
meets quality standards, the »ersonnel at each technical control concerned 
will analyze the circuit between the ststions and the connected user to 
locate the trouble. ‘when circuit or equipment repairs have been completed, 
and when the circuit meets quality standards, normal service will be 
restored to the user, 


c. when a circuit passes through a number of technical control 
facilities, each is res;onsible for connected circuits. However, the 
first technical control serving the complaining user is resnonsible for 
coordination until service is restored to the user (the user is responsible 
for notification of technical control when trouble ansears on his receive 
side). 


&. Circuit Rerouting 


During extended outages, individual circuits sere rerouted over other 
facilities in accordance with their restorétion priority. tvery circuit is 
assigned a restorétion priority in accordance with JCS policy. To assist 
personnel at the technical control in visualizing the vossible reroute paths 
available, circuit layout cards, block diagrams, and route maps are 
available at each technical coijtrol facility, showing trunks between con- 
nected stations and any appropriate extensions that would permit a reroute 
to be made. 


7. Circuit Activations: 


The technical controller activates circuits upon order of DCA 
to satisfy requirements of the military deyartments (and other government 
agencies)e It is the responsibility of the technical controller (and 
particularly the technical control designated by DCA as coordinating 
station) to carry out the orders of DCA and to insure that all units 
involved in the activation do their part. If other units do not complete 
their portion of the required work, it is the responsibility of the 
technical controller to see that the matter is brought to the attention 
of higher authority. In like manner the technical control deactivates 
and rearranges circuits, as directed by DCA, 


Ce "H 500" CONCEPT OF TECHNICAL CONTROL: 


You will often hear reference to the "H 500" concept of technical 
control and may well wonder just what it is. This method of referring 
to the technical control facility has arisen because the Defense Com- 
munication Agency »oublication specifying the design criteria and 


organization of the facility was, until recently, "DCS Technical Control 
Engineering Criteria", DECKO ENGR PUB H 500-12-64 (this manual was recently 
designated as DCA Circular 370-175-4 but is still referred to by most 
technicians as "H 500"), '"H 500" does not cover the mechanical construction 
details of the equinment, but rather it is confined to specifying levels 
that will be present at various patch panels, what patch panels will be 
provided and how they will be arranged, what capabilities each patch 

panel must possess, etc, 


Figure V-1 shows the general technical control functional flow as 
specified by '"'H 590", 


Briefly, some of the more outstaming features of "H 500" are: 
1, Patching and Testing Arrangements: 
a, Cable Testboard (called the Primary Patch Panel in ICS )-Used 
to provide test and patching capabilities for local subscriber inter- 


connects, 


be Voice Frequency Patch Bay - Permits direct access to the input 
and output of the multiplex equipment before any conditioning is performed. 


ce Circuit Patch Bay ~ All voice frequency circuits are conditioned 
to appear in the circuit patch bay at equal levels (-2 dbm), and tone 
signalling appears as DC control signals (E& leads). These “equi-level 
patch bays" are not being installed in Phase 3ICS_ sites, 

d. DC Patch Panel - All teletype circuits have appearance 
permitting monitoring or loop testing of both the line and the subscriber 
loope 

e. Group Patch Bay — Provides the capability for rerouting GROUPS. 

2. Order ‘Wires: 

a, Locél Voice Party-Line Order Wire - &ssentially an internal 

system from the radio and multiplex facility to the technical control 


facility. 


b. Express Voice Order Wire - Interconnects selected technical 
control facilities. May have automatic interconnection capability. 


c. Party-line Data Order Wire - For the dissemination of circuit 
orders and circuit layout information. 


d. Status Report Circuit - Connected to the responsible Operations 
Centere 


3, Alarms: 


a. Stations, 


b. Radio. 
ce Multiplex. 
d. Equipment. 
4. Standard Levels: 
a. Voice Frequency Patch Bay: 
Transmit -16 dbm 
Receive +7 dbm 
b. Circuit Patch Bay: 
Transmit -2 dbm 
Receive -2 dbm 
c. Primary Patch Bay: 
As required to properly interface with subscriber, 
5. Equipment Criteria: 


a. Standard names are given for labelling the various jack 
appearances. 


b. Test equipment requirements are given. 
6. Signalling: 


Standard signalling frequency will be 2600 Hz with an Kem 
lead arrangement. 
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DB. OUTLINE OF TROUSLE SHOOTINGS AND. CIRCUIT RESTORATION R&sPONSIBILITI“ES 
OF A CONTROLLAR : 


1. Coordination. 
2. Isolation. 
3. Restoration. 
TROUBLE SHOOTING PROCEDURES 
1. Telegraph Circuit 
a. Upon notification from sub: 
(1) Initiate trouble ticket and assign number 
(2) Notify distant sub through distant technical control 
(3) Isolate trouble 
(4) I£ channel trouble: 
(a) Advise distant end 
(b) Restore circuit by alt-route 
(c) Test bad channel 
(d) If bad: 
1. Have break-out points check 
2. Check local carrier and have -listant end do same 
3. Coordinate repair 
4, Coordinate with user and restore to normal 
channel. 
(e) I£ good: 
1, Have distant end sub test 


2, Check signal and coordinate with distant 
control to restore. 


(4) If all channels bad: 


(a) Log out system 


(b) Advise distant end sto> treffic on 211 channels 
and test. 


(c) Advise local users 


(d) Have Voice and VFCT MUX terminals check equipment 
and channel, 


(e) Have Radio Link Terminal check path 
(£) Check test from distant end 


(g) hestore user service, by alt-route in accordance 
with restoration priorities, if tone pack not restored in 15 min, 


2. Audio Circuit Trouble Isolation 
a. Initiate trouble ticket and assign number 
be Notify distant sub throush distant tech control 
c. Isolate trouble 
d. If between control and sub; 
(1) Test lccal distribution system 
(2) Isolate trouble ) 
(3) Advise appropriate maintenance to repair 
e. If between control and distant end: 
(1) Have distant end tone channel 
(2) If channel bad: 
(a) kestore service on alt-route 
(b) Contact break-out points and isolate 
(c) Have proper maintenance repair 
(d) Restore circuit to normal channel 
(3) If channel good: 


Have distant end check link to sub and restore. 
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REROUTING PROCEDURES 


Individual controller has responsibility for initie#ting 

action. 

Restore by restorétion >riority and according to JCAC 310-55-1, 
Meroute aids. 


a. Systems diagrams 
b. Patch panel labeling 
ce. Circuit record cards 


d. Use complete circuit/system number to 


eld identification 


VI CIRCUIT CONDITIONING 
A, WHAT IS IT? 
Some of the functions of circuit conditioning are: 
1. Changing the amplitude of the signal, 
2. Changing the form of the signal. 
32 Special operations on the signal. 


The first two functions are the means by which the signal is made 
to comply with the standards specified in H-500, Attenuators and amplifiers 
are used extensively to adjust the amplitude of the signal. The form of 
the signal is changed when, for example, 20 Hz ringing current is converted 
to a 2600 or 1600 Hz tone for transmission. Some of the special operations 
that are performed are 4-wire to 2-wire conversion in hybird units and echo 
Supression on extremely long circuits. Also included under special opera- 
tions would be impedance conversion, extension of circuits to subscribers 
beyond the normal service radius, and reduction of delay distortion. 


Be WHY? 


The primary reason for conditioning has already been mentioned - to 
meet DCA standards as specified in H-500. but you might ask "Why is that 
necessary?” The rationale for having all circuits meet the same standards 
is to assist the technical controllers in performing their functions of 
supervision and testing of qudlity, substitution of equipment, on-call 
and circuit reroute patching, and trouble isolation. Can you imagine the 
confusion if every circuit appearing on the patch panel had its own 
peculiarities? The controllers patching capability would be severely 
limited to those circuits that "happened" to have the exact same 
characteristics. 


Another major reason for circuit conditioning is "interfacing", 
This is a much-overworked term, Basically it means getting the signals 
from two different systems to a common set of specifications so that 
they may be connected together. This is a relatively common and easily 
accomplished task for the typical fixed-plant systems, However, here 
in Vietnam, we are continually faced with the "tactical-~fixed-plant 
interface” problem. A large amount of effort has gone into solving these 
problems either through equipment modification or the arrangement of 
conditioning equipment in a special or unusual manner, Although many 
of these problems have been identified and solved, new ones are continually 
appearing. Some specific interface problems will be discussed in Chapter IX. 


Ce CONDITIONING EQUIPMENT: 


1, Attenuators ~ A passive element used to reduce the amplitude of 
the signal, The attenuator or "pad", as it is often called, is usually 
in the form of an adjustable H or T-pad that maintains the same value of 
input and output impedence while allowing various amounts of attenuation 
to be obtained by changing the "straps" on the resistance elements. (See 
Figure VI~l). 


2e Amplifier ~ An audio frequency amplifier is used to increase the 
strength of the signal, It is normally adjusted by a variable control. 


3e Single Frequency Signalling Unit: 


The SF Unit is used to place a tone on the line in response to 
a DC signal on the "M’* lead (transmits) and to place a DC signal on the 
"E"* lead (receive) when a tone on the line is detected (See Figure VI~2),. 
The E&M leads may come directly from a switchboard with special trunking 


equipment, from a ringdown converter, or from another SF Unit 


4. Ringdown Converter: 


The E&M to 20-cycle signal converter connects a 2sway, 20 Hz 
ringdown circuit (or equivalent) to a signalling system over an M lead 
when a signal is received from the ringdown trunk circuit. Also, it 
receives signals over an E lead from a signalling circuit and transmits 
20 Hz signals to a ringdown trunk circuit. (See Figure VI-3),. This 
equipment may be arranged to operate with signalling frequencies other 
than 20 Hz, when required, 


5. 4ewire Terminating Set-Hybrid: 


A hybrid is a network arrangement that splits the energy in one 
path between two adjacent paths while offering high impedence between 
opposite paths (Figure VI~4). In telephone systems such a device is used 
to join a twoewire circuit and a fourewire circuit when the paths to the 
hybrid are connected as in Figure VI-4. There is a loss caused by the 
hybrid since the signal energy in each incoming path is divided between 
the desired output path and either the balancing network or the REC 
path input connection. 


For proper operation, paths connected to opposite sides of the 
hybrid should have the same impedence characteristics, Meeting this re» 
quirement is the purpose of the “artificial line™ or “balancing network" 
as it is commonly called, Most terminating sets have a builtin balancing 
network that provides a compromise impedence. However, the “balancing 
of a hybrid™ can become quite critical, For this reason the balancing 
network is often adjustable or there are provisions for connecting a 
precision balancing network (Figure V1~5).» 
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6. 4-way, 4-wire Bridge: 


It is often necessary to connect more than two subscribers together. 
Multipoint circuits are very common here in Vietnam. In such a circuit all 
subscribers must be able to hear and talk to all others and be able to signal 
them. If the additional subscriber is merely connected into the 4-wire 
circuit as it goes through the technical control he will not have the full 
capabilities required (See Figure VI-6). 


It is possible to obtain full service with a simple "solder-drop 
bridge" if it is done at the 2-wire level (See Figure VI-7). This arrangement 
usually works quite satisfactorily to obtain the talking paths; however, there 
is considerable difficulty in keeping the circuit balanced well enough for 
proper signalling operation. 


A possible solution to the problem is to use a 4-wire bridge. These 
normally are designed to have 4-legs but some in the ICS have 6. Referring 
to Figure VI=8 it can be seen that the principle of the bridge is to provide 
a low loss path in the proper directions while providing high isolation 
against feedback. Of course, a high price is paid for dividing the signal 
power. The loss of the locally fabricated 4~4 bridges now used in ICS is 
14-15 db on the low loss paths while providing over 60 db isolation. 


If a leg of the bridge is not used, it is essential that it appear 
to the other legs as if it is. This is accomplished by placing a 600 ohm 
resistor across both the send and receive sides of all unused legs. This 
is called "terminating”™ the unused legs. 


7e E&M Signal-lead Extension Units (DX1 and DX2): 


These signal-lead extension units are designed to interconnect two 
trunk circuits, when the distance between trunk circuits exceeds their 
operational limits. They are also used to interconnect an E&M signalling 
circuit (single-frequency unit) to a distant trunk circuit. E&M signal-lead 
extension circuits are usually required where the connecting facility (Cable) 
resistance exceeds 25 ohms. These circuits, which have been coded DX1 and 
DX2, are always used in pairs (a DX1 being connected to the trunk relay cir- 
cuit and the DX2 being connected to a single~frequency signalling unit or 
other F&M signalling circuits), The maximum signalling range between E&M 
signal-lead extension circuits is 5,000 ohms. See Figure VI-9 for 
block diagrams of these units. 


8. Isolation Relays: 


DC isolation relays are used frequently in teletype systems when it 
is desired to have one dc signal control another. They are quite simple in 
principle (See Figure VI-10), Usually both normally ~ open and normally - 
closed contacts are provided on the output to permit greater flexibility. 

The bias winding is used to adjust the sensitivity of the relay, Shown in 
dotted lines is a variable resistor in the input and output circuits. These 
are used to control the current in these two circuits and are found as integ= 
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eral parts of ICS VFCT equipment (the use of isolation relays will 
be covered ia Giiapter X "LC Circuits and Patch Panels"), 


9. Regenerative Repeaters: 


"The primiry fuaction of the regenerative telegravh 
repeater is to retime and retransmit received signal impulses 
restored to their original strength. It is capable of receiving 
without error any set of signals that would be satisfactorily 
received by an ordinary teletynewriter, and of sending these same 
signals proauced by the sending teletypewriter at the circuit 
terminal" ,# 


Many of the teletype cryptological devices act as 
regenerative repeaters. This exnlains why crypto equipment 
will often work over a circuit aot good enough for unsecure equip- 
ment. 


10. helay Equlaizers: 


Delay equalizers are installed in several ICS sites 
in support of AUTOPIN. Secure voice circuits also require delay 
equalization, but these equalizers are usually provided at the 
secure voice switch and at the subscriter's terminal. 


The delay experienced by differeut frecuencies within 
the message baudwidth is not constant. The princiyle of the delay 
equalizer is to acd sufficient delay in the appropriate frequency 
ranses to make the total delay constant across the message bandwidth. 


Jl. fulse Link iieneater: 


Pulse Link Kepeaters were originally installed in ICS sites 
to luterface the Béé leads when two SF Units were operated back to back. 
After insatllation, it was discovered they were not really necessary. 
Page Communications Engineers issued a Field Engineering Work Order 
(FEVO 226) modifying the PLK's to function as isolation relays for the 
instances when M leads are extended from the Ez to the subscriber and AC 
Signals are being: introduced on this lead. These AC signals my inver- 
fer: with SF Unit operation and must be isolated. w«efer to LL S&H iten 
No. 0214, for installation and use of these modified PLK's. 


12. Thru-Ground Filters: 


Although you might not think of thru-group filters as 
conditioning equi;ment, they are. The filtering action taking place 
is a bandpass from 60-108 kHz to eliminate the noise above and below 
the frequency range of the group. The thru-group filter may also include 
a rejecticn filter network to block the group pilot if necessary. 


#% From Principles of Electricity Anplicable to Teleniione and Telegraph 
Work, Awl. et. Co., 196% 
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13. Echo Suppressors: 


There are many possible sources of echos in a complex communication 
system. A common example is an unbalanced hybrid. Echos are normally not 
objectionable since they occur so quickly; however, if the circuit is an ex- 
tremely long one, such as through a satellite or the undersea cable, the echo 
can cause extreme degradation of service. Echo suppressors are installed on 
the satellite circuits to prevent this problem. 


14. Limiters: 


In carrier systems, momentarily large peak values of signal power 
might cause poor communication if networks called "limiters" were not employed. 
Limiters automatically reduce the large peak values. A limiter is used in the 
voice-frequency channel, for example, to prevent overloading of the common 
transmitting amplifier. 


The limiters commonly used in telephone carrier equipment are 
Copper-oxide varistors or germanium-crystal diodes. When a limiter is placed 
on a circuit it is important to be able to remove it quickly and easily 
without disturbing the circuit operation. This may be done with either 
special "lifting jacks" or key switches. 


D. TYPES OF CIRCUITS: 

The basic equipment that is used in the ICS is not very much different 
in principle from that used with transportable tactical systems. The primary 
difference is that the various pieces of conditioning equipment are not 
built into the multiplex terminal, Rather, they are available as “building 
blocks" that are arranged as necessary to assemble the specific type of 
circuit being installed. In this section some of the types of circuits 
found here in Vietnam will be described. 


1. Common Characteristics: 


The characteristics common to most ICS circuits are those specified 
in H500: 


a. All VF multiplex appears at the same levels: 
Receive +7 dbm 
Transmit -16 dbm 

be. In-band single frequency signalling is used, 


ce. In TCGts built prior to Phase III all multiplex channels have 
an appearance on the equi-level CKT PATCH PANEL as well as on the VF PATCH 


PANEL. Both sides of the circuit are at - 2D5™ on the CKT PATCH PANEL. 
All signalling appears as DC control signals on the E-M leads at the CxT 
PATCH PANEL. 


d. Phase III && buildings do not have equi-level CKT PATCH 
PANELS. The E and M leads appear on the VF PATCH PANiL which is a six 
wire layoute 


2. Standard Circuit 


There are several types of circuits that occur so frequently in 
the IC§ that they have been "standardized". These have been selected as 
standard circuit configurations for technical control layout and are 
described in RCG LL S&P Item Nr. 0241. ‘The details as to types of equip- 
ment to be used, their values, and the levels to be set are given there, 
For this reason, the only equipment shown in the sketches in this section 
will be that essential to the discussion. All the amplifiers and attenua- 
tors used to obtain the desired levels will not be shown. 


3. ICS Signalling: 


Signalling is accomplished in the ICS by transmitting either 
a 2600 Hz or 1600 Hz tone over the V.F. channel between single fre- 
quency Signalling units in the circuit termine] tech control facilities. 
The standard signalling frequency is 2600 Hz; however, due to the wide 
use of 1600 Hz signalling in tactical systems, provisions have been made 
to incorporate this signalling frequency also in the Jcsg, The terminal 
signalling units, called SF units, are arranged for "E&M" signalling as 
described in subsequent paragraph. 


4, The "f£8M" Signalling System: 


Transmission of ringing signals over the 4-wire VF channel is most 
efficiently accomplished by using a VF tone of 2600 Hz in the voice band. 
At either VF channel terminal the 2600 Hz signalling tone is converted to 
DC signals more suitable for use by the switchboard trunk equipment. These 
signals are transmitted over 2 wires separate from the voice path between 
the switchboard trunk circuit and the VF channel signalling unite These 
leads are designated "M’ for signalling toward the VF channel and "E" for 
signalling toward the switchboard trunk circuit. The entire signalling 
system is call "“E&M" signalling and the 2600 Hz unit is called a 2600 Hz 
SF (single frequency) unit. Among the advantages of such a system is 
the ease with which the E&M lead signals can be adapted to meny types of 
trunk equipment. The basic ESM signalling layout is shown in Figure VI-~12,. 
In this confizuration the EM leads are extended directly into the 
switchboard, and all in and out signalling is accomplished by de signals 
on these lines. The & and M lead conditions used in the ICS for ringdown 
circuits are not those established as standard by ICA, (See Chart on 
next page for ICS and standard E&M lead configurations). 
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ON HOOK GRD ON 


OFF HOOK OPEN OFF 


ICS E-M LEAD (Ringdown Circuits Only) 


a A 
CONDITION TO'VARD SF TONE FROM SF 
ON HOOK 


OFF HOOK 


STANDARD E=M LEAD 


Thus in the idle or off hook state we, in the IC§ , have tone-off 
the line. (Note: Off hook is the idle condition for ringdown circuits only). 


Why do we have this non-standard situation? Basically it was brought 
about by the requirement to interface 2600 Hz and 1600 Hz signalling on 
the ICS. No pulse link repeaters were provided in Phases I and 2, thus 
requiring the interface to be accomplished as shown below (See VI~B-11 
and Figure VI-11 for discussion of pulse link repeaters): 


-2  |4P -I6 


Note how the E and M leads are "rolled" (reversed) between the 5F units. 
Now if the standard E and M lead conditions were used, each M lead would 
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be keyed by "opens" and "grounds" from the & lead which is fine, but the 
standard condition is E lead grounded in the off hook state (no tone). 

Thus if the standard option were used this E lead ground would be connected 
to the second SF unit's M lead. Therefore since a ground on an M lead 

is an on hook condition, incoming off hook would be sent out as an on 

hook condition and we have falsely simalled. For this reason then, JCS 

E lead conditions are grounded for on hook and oven for off hook. 


Bear in mind that this discussion has covered E&M lead conditions for 
ringdown circuits only. Dial circuits utilize the standard EXM lead option. 
Phase 3 provides pulse link repeaters for working 5F sets back to back and 
E and M lead conditions could be standard. in Phase 3 sites, the —E and M 
leads will be standard, but in Phase 1 and 2 sites the changeover may not 
be made. It would require modification of @ll ring down converters and 
all SF sets, except those used on dial circuits. 


5. 2 Wire Ringdown Circuit: 


The E2M signalling system may be adapted to 20 Hz signalling for 
use in tacical switchboards and other subscriber equipment requiring a 2) Hz 
signal by using a converter in the 2-wire line of the switchboard trunk 
as shown in Figure VI-13. 20 Hz is now used to signal in both directions 
with the E&M leads operating between the 20 Hz converter and the SF unit 
as showne When this signalling system is used there is tone on the line 
only when a subscriber is signalling with 20 Hz (i.e; tone-off while idle. 
All existing tactical manual switchboards in Vietnam use 20 Hz signalling. 


6. Operator Direct Dial Circuit (OND): 


The new dial central offices (DCOs) being installed in Vietnam use 
a form of E&M signalling directly into a dial trunk relay equipment. Figure 
VI-14 applies to the E&M system used in dial-to-dial trunk operation. While 
the line is not in use, on hook, there is ground on the M lead and tone on 
the line, ie; tone-on while idle. (note: on hook is the idle condition for 
dial circuits). When the operator plugs into the line, the tone is removed 
and the distant end receives a ground which causes the dial equipment to 
seize a line. The de dial pulses are converted into tone pulses which are 
detected at the distant end as de dial pulses used to activute the dial 
equipment. 


7. & & M Lead Extension: 


When the cable resistance between the E&M Signalling unit and 
the subscriber trunk relay equipment exceeds 25 ohms per wire it is 
necessary to use B&M signal lead extension circuits (DX~1 and DX=2)., The 
use of these circuits will extend the operational limits of the E&M 
signalling to 5000 ohms. These units are always used in pairs with the 
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DX-1 at the subscriber trunk relay equipment and the DX-2 at 
the F&M SF signalling unit. Figure VI-15 shows a method of 
uSing DX units ina trunk circuit. 


8. Multipoint Voice Circuits: 


In a multivoint circuit, it is important that all 
subscribers be able to signal each other as well as talk. The 
most satisfactory manner to accomplish this is with a 4ewire, 
4-way bridge (see Figure VI-16). In an emergency, it is possible 
to make a simrle two-wire tap by converting the circuit down to 
two wires at the technical control; however, this usually results 
in poor signalling rerformance. Note that all unused legs of the 
4~4 bridges must be terminated by a 600 ohm impedence. 


©, Signalling Frequency Interface: 


Although most of the ICS technical controls are equip- 
ped with both 2600 and 1600 Hz signalling units, there are still 
some situations where it is necessary to mike a conversion of 
Signailing frequency. This can be accomplished by the use of two 
SF units if the E@i leads are used to control each other (this 
subject was briefly discussed in paragraph 4, pege VI-7). Using 
the modified Collins signaliings equipment in the ICS EG buildings 
it is »ossible to interconiect the B lead to the M lead directly 
(Figure VI-17b). 


10. 4-Yire Subscribers: 


There are several types of subscribers here in Vietnam 
wno desire a 4-wire "drop™, A common example of this is the full- 
duniex data circuit. Prowiding such service is no problem in the 
ICS unless signaliing is required. 


If HEM signalling is to be employed, the circuit is 
relatively sirmle (Figure VI-18a). However, if 20 Hz signalling 
is required, it is necessary to use two ringdown converters and 
connect the Héti leads to the approvriate unit (Figure VI-18b). 
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VII. ICS EQUIIMENT 


A. INTRODUCTION: 
Most of the ICS equipment at each site is located in the 
Electronic Equipment Building commonly referred to as the "EE 
Building". It is here that are found the: 
Radio terminals 
Voice frequency multiplex terminals (NUX) 
Voice frequency carrier telegraph terminals (VFCT) 
Conditioning equipment 
Patch panels and test positions 
Although some of the circuits going through the ICUS mzy be 
carried over "Non-ICS Systems", pieces of transportable or tactical 
equipment are not normally found in the EE building. They are locatec 
elsewhere and their circuits enter the Eis Building through a tie cable 
to the Army Area System Technical Control. The equipment found in the 
EE Building is fixed-plant equipment purchased specificaily for the iS 
contract with the exception of some mltiplex equipment associated with 
the AN/MRC-85's of the BACKPORCH System which have been removed from the 
vans and installed in the %% Building. 


The EE Building is usually divided into two large areas (Figure Vil- 
A-I): 


1. Technical Control Koom (Figure Vil-\-2) 
2. Radio and Multiplex Koom (Figure VII-A-3) 


On the following pages brief descriptions will be given of the items 
of equipment that are found at the various ICS sites. 
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Be RADIO RQUIPMENT: 


The radio equipments used in the !CS are; 


DESIGNATION MANUFACTURER MODE OF OPERATION 
REL-2600 TROPO OR LOS 


AN/MRC-85 (1) REL (2) TROPO 
REL (3) 


RADIO ENGINEERING LABORATORIES 


LENKURT ELECTRIC 


AN/FRC-39 (4) 
AN/MRC-98 (1) BEN@IX (2) TROPO 
AN/FRC#39 (4) REL (3) 
LRC=3 (1) PHILCO (2) TROPO OR LOS 
(4) PHILCO (3) 


Notes: (1) These are complete terminal assemblies including radio, 
multiplex, and control equipment. 


(2) Manufacturer of complete assembly. 
(3) Manufacturer of radio equipment. 
(4) Designation of radio equipment. 


On the following pages are given technical descriptions of the various 
radio equipments. 


1, REL-2600: 


The different models of the REL-2600 terminals used in the !CS 
vary only in the power amplifier used. The other components are, for the 
most part, identical at @2ll sites. 


a. Exciter (Figures VII-B=-l, -2, -3): The exciter provides a 
frequency modulated carrier, in standard rf bands between 350 and 8500 mHz 
for the transmission of multichannel voice, telegraph and data signals, It 
is used in a two-way multichannel communications network in the line#of~ 
sight, diffraction, or tropo-scatter modes of operation. When used in the 
tropo-scatter mode of operation, it forms the driver for a klystron power 
amplifier. The exciter is capable of operating with frequency division, 
time division, or pulse code multiplex equipment. The exciter consists of 
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a modulator, convertererf amplifier, and power supply units, contained in 

a rack mounting. The principal variations are found in channel capacity, 
carrier frequency, and power output. The exciter is tunable over the selected 
transmit band. 


Functionally, the exciter consists of a 70 aHz modulator section 
and a frequency converter rf section. Optional channel capacities of from 
12 to 252 each 4 kHz channels may be exercised by the simple interchange 
of modules and printed circuit cards. The 70 mHz carrier frequency is 
standard throughout all 2600«series exciters, and only the frequency converter 
rf section need be replaced to change from one transmit-frequency spectrum 
to another. 


SPECIFICATIONS FOR REL 2600 EXCITER ({CS APPLICATIONS): 


RF Range 755 to 985 mHz 1 GHz) 
1700 to 2400 mHz (9 GHz) 

Type of Modulation FM 

Output Power 10 watts minimum 

Intermediate Frequency 70 mHz 

VF Channel Capacity 72, 132 or 252 


MODULATION RANGES: 
Baseband 12 to 308 kHz (72 channels) 
12 to 552 kHz (132 channels) 
12 to 1052 kHz (252 channels) 
Order Wire and Supervisory Channel 250 Hz to 12 kHz 
Radio Pilot Frequency 60 kHz 


b. Power Amplifier: There are only two types of power amplifiers 
used in {CS These are the 1 KW and th 10 KW models. 


(1) 1 KW Power Amplifier: 


The power amplifier is the final amplification stage in 
the transmitting portion of the radio system. A one to four watt frequency 
modulated rf drive from the associated exciter is amplified in the tuneable 
klystron tube to the final power output level of 1 KW, and is then fed to 
the antenna for transmission. The power amplifier is housed in a single 
cabinet designed for front access to all compouenétse. The power amplifier 
will opperate at reduced output with driving power as low as 100 mw 
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Input Characteristics: 


Driving power 1 to 4 watts 
RF range 1700 to 2400 mHz ( §CS application) 
Power output 1 kw 
Power gain 30 db 
Bandwidth Approximately 7 mHz 
Metering capabilities Forward and reflected power indications 


of rf input, klystron drive, and output 
power are provided. 


Starting time Full power output is obtained within 3 
minutes after application of primary 
power. 


(2) 10 KW Power Amplifier Group: 


A frequency modulated rf drive from the associated 
exciter, in the frequency range of 755 ~ 985 or 1700 — 2400 mHz, is amplified 
in the tuneable klystron tube to the final power output level of 10 KW, and 
is then fed to the antenna for transmission. 


The heat exchanger provides a liquid coolant for the 
power amplifier and dummy load. 


The dugmy load provides a nonradiating load for dis- 
sipating the output of the power amplifier during tuning and routine maintenance. 


The coaxial patch panel permits connecting the output of 
the power amplifier to either the dummy load or to its assigned antenna. 


All components of the power amplifier group, excluding 
the heat exchanger, dummy load, and coaxial patch panel, are housed in a 
single two section cabinet designed for front access by use of front hinged 
panels and pull out drawers. 


The klystron assembly is a removable unit, mounted on 
casters for ease of assembly and maintenance. It consists of the klystron 
tube, its related circuitry, air cooling, and directional couplers. The 
directional couplers monitor the reflected and incident rf input and output 
power. The liquid (provided by the heat exchanger) and air cooling dissipates 
the heat generated by the klystron operation. 


The heat exchanger is housed in a separate cabinet and pro- 
vides tor the flow of a liquid coolant through the power amplifier and the 
duamy load. The coolant is returned to the heat exchanger which dissipates 
the heat absorbed by the coolant. 
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The coaxial patch panel consists of a plate on which five 
coaxial connectors and two removable U-shaped coaxial links are mounted. The 
coaxial links have locking clamps on each leg to insure secure connections to 
the dummy load. 


Power Amplifier Specifications: 


RF Range 755 to 985 mz (1 GHz) 
1700 to 2400 mRz (2GHz) 
Power Output 10 KY 
Input Driving Power 5 watts nominal 
Starting Time to Full Power Within 5 minutes after application of 


primary power and within 3 seconds after 
application of beam voltage 


Recycling Repetion Will recycle only once within any 5 minute 
period. 
Coolant 
Normal Flow 39 G. P.M. 
Minimum Flow 15 G. P. M. 


Heat Exchanger: 


Coolant Mixture Distilled water 
Coolant Circulation 30 G. P. M. nominal 


Dummy Load: 
RF Power Level 12 KW Maximum 


Coolant Type Distilled water 


Coolant Flow: 
Calibrate 1G. P.M. 
Dummy Load 5 G. P. M, 


c. Receiver (Figure VII-Be4, -5): The receiver group provides 
a means of detecting and amplifying a frequency-modulated carrier contained 
within the standard rt bands between 350 and 8500 mHz. The receiver group 
may be used for line-of-sight, diffraction, or tropo-scatter modes of 
operation without modification. In addition, it may be used singly, or its 
output may be combined with that of other groups for diversity operation. 
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(1) Description: 
Receiver Group: 


The Receiver group consists of a basic receiver with 
optional front-end equipment. A preselector may be part of this group or 
part of the antenna system. In addition, the group may contain either a 
tunnel diode or a parametric rf amplifier. 


Preselector: 


Selectivity for the receiver group is obtained by using an 
rf preselector at the front of the group. The preselector is tuneable over 
the same frequency range as the basic receiver. The preselector is tuned to 
accept, with a minimum loss, the received carrier frequency and its sidebands, 
and to reject all other frequencies, Thus the preselector may be generally 
considered as performing the functions of a bandpass filter. 


Rf Amplifier: 


Rf amplification is provided by a tunnel diode amplifier. 


Receiver: 


The 2600-series receiver is a solid state, superheterodyne, 
frequency modulated receiver, consisting of a frequency converter, a demodulator 
and a power supply. 


Channel capacity options from 12 to 252 may be obtained by 
the simple interchange of modules and printed-circuit cards. The IF frequency 
of 70 mHz is standard throughout all 2600-series equipment, and only the 
receiver rf section need be replaced to change from one receive-frequency band 
to another. 


In the demodulator unit, the 70 mHz IF signal is amplified, 
limited, and then passed through the discriminator to obtain the original 
traffic inputs contained within the 250 Hz to 1212 kHz range. 


An automatic threshold extension network may be incorporate 
as an option in the demodulator unit to increase the threshold sensitivity of 
the receiver under weak signal conditions (Figure VII~B-6). When operative, 
this network converts the receiver into a double super-heterodyne type. 


(2) System Applications: 


Operation in the line-of-sight mode is accomplished by two 
receiver groups, each one associated with a particular reception frequency, to 
provide dual frequency diversity. The outputs from the two receivers are 
combined to obtain a single summed output that is less susceptible to signal 
strength fluctuations. Also of interest in terms of operational reliability 
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is the inherent signal-path redundancy of this configuration. This redundancy 

means that a major failure in either receiver group will not affect the duplex & 
operation of the complete terminal (apart from the loss of receiver diversity i) 
advantage ). 


Operation with dual frequency diversity in the diffraction 
and troposcatter modes is essentially the same as that described for line-of- 
sights, except that the automatic threshold extension option may be used in 
each receiver to obtain, in the combined output, an even greater independence 
from signal strength fluctuations. 


A quadruple diversity receiver system may be used in the 
tropo-scatter mode, utilizing four receiver groups. A combination of frequency 
and space or space and polarization diversity is employed, the outputs of two 
frequency diversity receiver group pairs being combined for space diversity. 
The corresponding high and low reception frequencies in these two pairs are the 
same. This particular receiver system configuration provides tte greatest 
independence from signal strength fluctuations and the most reliable system, 
due to maximum redundancy. 


RF lange 755 to 985 mlz (1 GHz) 
1700 to 2400 mHz (2 GHz) 


Baseband Frequency Range: 


72 channels 12 to 308 kHz 

132 channels 12 to 552 kHz 

252 channels 12 to 1052 kHz ) 
Intermediate Frequency 70 mHz 
Radio Pilot Frequency 60 kHz 


Order Wire & Supervisory Channel 250 Hz to 12 kHz 


de Improper Operation of Combiners: Figure VII-Be7 shows the four 
receivers in block forme Only the baseband output signals are considered, 
although the discussion here applies equally well to the orderwire signals 
also. Since the input signals entering each demodulator are all different, 
the four baseband inputs to the combiners may all vary in strength and noise 
quality. The four combiners really function as one. By mean of the 
"Baseband Combiner Interconnect" the output signal is derived, and the four 
Combiner outputs are identical. These four outputs each go through their 
own Baseband Amplifier and then appear on the Baseband Patch Panel. The 
normal practice is to parallel two BB AMP outputs to form the final BB REC 
SIGNAL. The troubles that usually occur during the maintenance of a receiver 
are discussed below. 
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Under normal operation, if a DEMOD output becomes weak or 
noisy, the COMBINER will deemphasize that signal in obtaining the “combined” 
output. If a signal becomes extremely strong and free of noise, then it will 
provide the major portion of the COMBINER output. Remembering these effects, 
let us examine what happens when a receiver is taken out of service for mainte- 
nance. 


One common maintenance procedure is to disconnect the antenna 
input and replace it with a signal generator input. Then with a known input 
signal, the operation of the receiver can be checked. 


Example 1: 


1. The ANTENNA is disconnected, but the COMBINER link to the Baseband 
Combiner Interconnect is left in, 


2. The DEMOD BB output of this receiver is all noise and the COMBINER 
effectively turns it off. 


3. A SIGNAL GENERATOR is connected to the RECEIVER input. 


4, The DEMOD BB output is now almost completely free of noise and the 
COMBINER outputs became primarily the SIGNAL GENERATOR signal. 


5. The entire system is knocked off the air. 


6. This can happen when any of the four receivers are worked on in this 
configuration. 


Example 2: 


Applies only to receivers used to form BB OUTPUT (RCVR*s 283 in Figure 
VII ~Be7) = 


l. The link between the COMBINER and the Baseband Combiner Interconnect 
is removed first. 


2. The output of this COMBINER is now exactly the same as the DEMOD BB 
output e 


3. The ANTENNA is disconnected. 

4&, The DEMOD BB output is now all noise. 

5. The BB AMP output of this RCVR is also all noise. When this is 
paralleled with the combined signal output from the other RCVR used to form BB 
OUTPUT, the noise will usually drown out the useful signal and again the 


entire system is off the air because the squelch unit is activated. 


6. This can happen only with the RCVR's whose BB AMP outputs are used 
to form the BB OUTPUT signal. 
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Proper Procedure 


1. Arrange connections on the BB PATCH PANEL so that the BB AMP output 


of the RCVR to be tested is not one of those used to form BB OUTPUT. 


2. Remove the link to the Baseband Combiner Interconnect on the RCVR 
to be tested. 


3. Now the ANTENNA may be disconnected and replaced by the SIGNAL 
GENERATOR, 


e. Complete Terminal: A block diagram of a quad«diversity REL 
2600 terminal is shown in Figure VII -B=-8. This is given primarily to show 
the signal flow and the functions of the various patch panels. The key 
points to observe are: 


(1) There are three sets of input/outputs: 


(a) Message baseband (40 kHz and up) to AN/FCC-17 
multiplex equipment. 


(b) 12-56 kHz supervisory channel used for transmission 
of the remote alarm signals and area express order wires. 


(c) 0,25-12 kHz low supervisory channel for use as local 
engineering order wires, major technical control exnress order wires, and 
remote alarm system. 


(2) The 12-56 kHz supervisory channel and the message baseband 


(above 60 kHz) are combined and separated by a combination of high and low pass 


filters connected to the COMBINED PATCH PANEL and electronic equipment in the 
transmitter and receiver. 


(3) At the BB (Baseband) PATCH PANEL the transmit signal 
power is divided into two equal and identical parts and fed to the two 
exciters (BB input). 


(4) All four BB Amplifier outputs of the receivers appear at 
the BB PATCH PANEL. These are identical except as noted above and the 


receiver BB signal is usually formed by putting two of these in parallel, 


(5) At the OW (Order Wire) PATCH PANEL the 0,.25~-12 kHz super-— 
visory channel is split to drive the OW inputs of each exciter. 


(6) All four OW Amplifier outputs from the receiver are 
also available at the OW PATCH PANEL. 
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Reprinted with permission of Radio Engineering Laboratories 


REL Exciters 


REL Exciters, furnishing frequency- 
modulated carrier waves, are the "start" 
of a tropospheric scatter radio system. 
Together, Exciters and power amplifiers 
combine to constitute the tropo trans- 
mitters in REL radio systems. 

REL Exciters are continuous wave, 
FM units utilized for the generation of 
multi-channel telephone, telegraph and 
other wideband communications signals 
at frequencies from 350 to 5,000 mega- 
cycles, taking in the Very High Fre- 
quency (VHF), Ultra High Frequency 
(UHF) and Super High Frequency (SHF) 
ranges. 

Electrically, an Exciter is divided 
into two basic parts: a Radio Frequency 
(RF) section and a 70 megacycle modu- 
lation section. In operation, the multi- 
channel signals from a multiplexer unit 
are introduced to the modulation section, 
where, after multiplication, pre-emphasis 
and amplifications, a fully deviated 70 
megacycle Intermediate Frequency (IF) 
is generated. This IF is heterodyned by 
a local oscillator within the RF section 
of the Exciter to produce the correct 
carrier frequency which is amplified to 
the appropriate power output. This out- 
put, in turn, is then fed to a power am- 
plifier. 

The multi-channel signals are distribu- 
ted over two bands of frequencies: an 
order wire frequency spectrum and a 
baseband frequency spectrum. In addi- 


BLOCK DIAGRAM OF 
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Solid-State Exciter 


tion, a pilot tone signal is generated to 


provide a means of monitoring the equip~ 


ment operation. 

In a typical systemconfiguration, there 
are two Exciters in each terminal ofa 
frequency diversity system. Each Ex- 
citer is a self-contained unit incorpora- 
ting its own power supplies, control 
panel, alarms and cooling apparatus. 

In addition to the wide range of fre- 
quencies and power requirements (100 
milliwatts to 10 watts) at which REL 
Exciters may operate, there are options 
for the acceptance of from 12 to 300 
channels. 


TYPICAL EXCITER 
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2600 Series Exciters 


REL's 2600 Series of solid-state 
exciters, when used with suitable re- 
ceivers and power amplifiers, offer a 
wide variety of applications in the ra- 
dio relay field, including tropospheric 
scatter, line-of-sight microwave and 
ground satellite communications sta- 
tions. 

In each of the aforementioned ca- 
tegories, flexible design provides for 
suitability in all common installation 
needs: fixed, transportable, tactical 
or shipborne. 

The function of these exciters -- 
in communications systems employing 
up to 300 channels and operating in 
the Radio Frequency range between 
350 and 8500 megacycles -- is to en- 
able multiplexed voice, data and tele- 
graph information to be modulated in- 
to an FM signal which is converted 
into an: appropriate carrier frequency 
with a power output suitable for the 
application. The input of multiplexed 
information may comprise frequency 
division, pulse code or time division 
multiplex. The normal baseband width 
is 1300 kilocycles, but 2500 kilocycles 
also may be accommodated for certain 
line-of-sight applications. 

When used in tropospheric scatter 
or satellite ground communications 
stations, they form the driver for a 
klystron power amplifier. When used 
by themselves the exciters form the 
transmitting portion of a line-of-sight 
microwave system. The addition of 
suitable REL 2600 Series receivers 
provides a complete terminal for trans- 
mission and reception of multi-channel 
communications traffic. 


Drawer Extended 
for Emay Maintenance 


The multiplex input of the exciter 
is amplified to the appropriate level 
and modulated into an FM signal with 


Vil 
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a deviation according to system re- 
quirements. This FM carrier is pro- 
duced at 70 me and is then translated 
to the RF _ operating frequency in a 
varactor up-converter. The source 
of frequency control for the local os- 
cillator is either a crystal or fre- 
quency synthesizer depending on the 
application. Following the up-conver - 
ter is an amplifier which may be ei- 
ther solid-state for small power out- 
puts or a traveling wave tube ampli- 
fier for higher power outputs. 


10 Watt Exciter 
age 


i 
Witting 
pea ee 


The construction of the exciter is 
completely modular and a large num- 
ber of versions are available. The 
principal variations are found in car- 
rier frequency and power output. A 
number of other options are available 
such as pilot frequency, transfer facil- 
ities and input levels, as well as the 
option of crystal or synthesizer con- 
trol. 

The modules of any exciter are ar- 
ranged in slide-out drawers. The 
most common arrangement is for the 
modulator section, baseband-to-IF, to 
be in one drawer and the converter 
and output stages in another drawer. 
The power supply is also contained in 
adrawer. The basic modules can be 
packaged into a number of versions 
depending on the application. 

The exciters are designed for great 
stability with time, very high reliability 
and performance in accordance with the 
highest standards. 


Fieure VI1-B-3 


Reprinted with permission of Radio Engineering Laboratories 


WeIZEIC YOOTA polji{dwyjg ‘1eajoooy setteg-0097 *y-G-1 1A 3yNet4 


ad. 
rio.” NOISN3LX3 GIOHS3SHL HLIM Y3A1303N 8 C4 


Y31dNd AV 


4304093u ¥430H093u 


Y31sITdNV 
3SION 


NO'SN3LX3 


SWYVIV Y3IZIIdNV 3SION | OQ IOHS3YHL 


SYuasIdAY 
Mad LINN 
aus 


193NNO9U3iNi ‘GNOD 
3yIM 83040 

LAdLNO 3yIM Y30NO 
Wwaviv ONVeasve 
1NdiNO ONVEaSve 


¥304093N Y3NIGWOD 
LI3NNOIU3LNI “@WOD ONVE3SSVE 


YANIGWOD 


SYa1sIdWY 
NOILYINGOW 
wo 8 88 


anvaasve 


n 
eas rca NOL HaIststa ONva 30iM baa tua MALUSANOD | inant 4u 
LOBNNODUSLNI 107d oldva vi al INIT AV Ia0 


OW OZ AV13N O1OVY UOS 4304093" 4! 


Vil - 16 


NOISN3LX3 QIOHS3YHL LNOHLIM Y3AI3Z93" ¥ 


YIIdINdAY 
430409034 


SWYV IV UIdIIdNY 3SION igi iris SuaiaidNy 


LOANNODUALNI 'SWOD 
3uIM Y3GNO 


¥3040934¥ 


palit lilanecseiraaieni Sua ial Tay uM B30B0 |= cMarats nA 
Wavy ONVe3svE nouwingow{ | Guy aN Nols NaI ue 
1NdiNo ONVE3Sve MO 8 88 anveasva QVOHS3YHL 


403 
43040934 B3ANIGNOD - 


LI3NNODUZLNI BROOD ONVEZSVB 


SWUVIW LOld tr rie aaaname Janay alas ae 
i LAGIBLE 1A t 
AOINNODUBLNI LOTd olava GNVS 30) 4 3NM AW 130 


OWwO. AV13yN OlOVYe UOS Y3080I3" J! 


REL Receivers 


REL's 2600 Series Receiver 
is capable of detecting and am- 
plifying multi-channel, frequency- 
modulated voice, telegraph, and 
data signals in the UHF (ultra 
high Frequency) band from 350to 
8000 megacycles. Its design is 
solid-state throughout, and util- 
izes modular construction with 
slide-out drawers for ready ac- 
cess and quick module replace- 
ment. It can accomodate 12 to 
300 channel operation by chang- 
ing various plug-in modules. 

The basic receiver consists of 
a frequency converter, a demo- 
dulator and a power supply-blow - 
er. Depending upon the users 
performance requirements, either 
a parametric amplifier or tunnel 
diode amplifier canbe added as 
a preamplifier stage. 

A combiner is provided to per- 
mit diversity operation, whereby the 
signal from one receiver is com - 
bined with signals of other recei- 
vers to obtain the best possible 
signal-to-noise ratio. Threshold 
extension is optional to enable de- 
tection of signals below thenormal 
threshold of the receiver. 

In a typical rack-mounted con — 
figuration, the four slide-out draw- 
ers which comprise the solid- 
state receiver measure only 33 
inches in height, 21 inches in 
width and 20 inches in depth, 
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PARAMETRIC [| 
AMPLIFIER 


FREQUENCY 
CONVERTER 


DEMODULATOR 


POWER SUPPLY | 


Weight of the overall unit is approximately 250 lbs. 

Ease of operation and maintenance is assured 
through the utilization of warning and metering 
devices in conjuntion with the modular construc- 
tion concept. Warning devices, both visual in- 
dicator lights and remote audible alarms, point 
out the failure of noise amplifier, radio pilot 
or baseband. Metering is provided for all func- 
tions of operation, alignment and maintenance. 
is achieved by the use of easily accessible test 
points in association with meters. 
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Threshold Extension 


In an FM Receiver the output sig- 
nal to noise ratio varies linearly with 
Radio Frequency signal input when the 
signal is above threshold level. At 
RF signals below threshold the sig - 
nal tonoise falls off more rapidly than 
the signal. The threshold is some - 
times referred to as the break point 
and is that signal power which pro - 
duces signal voltage peaks equal to 
noise voltage peaks at the first non- 
linear element (usually amplitudelim- 
iter) of the receiver. The ratioof RF 
signal power to noise at threshold is 
9 to 10 decibels. 

The threshold levelis a_ function 
of the receiver noise figure and radio 
bandwidth before limiting. To lower 
the threshold it is necessary to lower 
the noise figure or bandwidth or both. 
Since the noise figure is normally 
fixed, the bandwidth is reduced by 
one means or another and with vary- 
ing penalties on performance. 

It is important to understand that 
threshold reduction or extension low- 
ers the signal level to which the re- 
ceiver output signalto noise remains 
linear. Inthis manner the range of 
receiver input signal level variation 
is increased and system reliability 
improved. However, ata given in- 
put signal level the output signal to 
noise remains constant and threshold 
extension is not a substitute for high - 
er transmitter power. 

All techniques for threshold ex- 
tension devices depend on bandwidth 
reduction or the equivalent to lower 
the threshold. 

During a five-year period of tho- 
rough investigation as to various tech- 
niques for achieving threshold exten- 
sion, RELengineershaveevolved an 
FM feedback design especially adapt- 
ed to meet the special performance 
requirements of wideband communica- 
tions systems. 

The FM feedback technique, suc~ 
cessfully demonstrated in the Tel- 
star Satellite program, has been al- 
most universally applied in tropo 
scatter systems. Many‘unitsdesign- 
ed and manufactured by REL are in 
the field, and the latest fully solid 
state models provide the optimum in 
performance and reliability. 

While the concept of threshold ex- 
tension by FM feedback is simple, the 
implementation involves substantial 
and sophisticated circuitry. 
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The FM feedback technique reduces 
the frequency deviation by a degen - 
erative process before transmission 
through a narrow band filter. In 
this manner threshold may be reduced 
without excessive distortion. The 
frequency deviation is reduced bya 
process of degenerative feedback 
around a typical loop. The 
out-of-phase deviation is obtained 
from a demodulator and voltage con- 
trolled oscillator combination. The 
latter output is appliedtoa frequency 
converter which feeds the demodu — 
lator and hence closes the loop. 


INPUT 


NARROW 
BAND 
FILTER 


WIDE BAND 
RECEIVER 


FREQUENCY 
CONVERTER 


FUNCTIONAL BLOCK DIAGRAM 
FM FEEDBACK THRESHOLD EXTENSION 


Degeneration of the FM signal 
takes place in the frequency convert- 
er because the modulation at the 
VCO output is applied out -of-phase 
to the incoming signal modulation. 
The reduced FM signal is passed 
through the narrow band pass fil - 
ter without serious distortion. The 
filter establishes a bandwidth lower 
than normally used and hence, is 
responsible for reduction of the re- 
ceiver threshold. The ultimate li - 
mit to which the threshold can be 
lowered occurs at a filter bandwidth 
of approximately twice the highest 
modulation frequency. The amount 
of threshold extension is measured 
as the ratio of the normal receiver 
bandwidth to filter bandwidth. Prac— 
tical extension limits are a function 
of modulation frequency, deviation, 
filter bandwidth, and feedback. 

Further detailed information on 
the application of FM feedback thres-— 
hold extension in REL receivers , 
and the additional circuitry functions 
required in practical designs can be 
found in a data sheet available from 
REL's Marketing Department. Ask 
for TE-1, Notes No. 1. 
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2. AN/FRC~109: 


The principle equipment used for line-of-sight microwave in the 
{CS is the AN/FRC-109 which is the military version of the Lenkurt 76C 
(Figure VII-B-9). This system is used in ICS in the dual-diversity mode 
(frequency diversity only). 


Specifications: 
Radio Frequency Range 7125 to 8400 mHz 


Channel Capacity Up to 960 4 kHz message channels ( ICS 
uses maximum of 300) 


System Pilot Frequencies: 
300 ~ channel systems 3.2 mHz 
600 « channel systems Either 3.2 or 8.5 mHz 
960 - channel or video systems 8.5 mHz 
Transmitting Klystron Output: 
Power 1,0 watt, nominal 


a. System Description: The Microwave Terminal Assembly (Figure 
VII-B-10) provides broadband microwave transmission in the Government Frequency 
Band (7125 to 8400 mHz). The system is one of the family of 76eclass Lenkurt 
Radio Systems, and is suitable for the transmission of voice, teleprinter, 
high-speed data, graphic services, and video, and is available for single- 
channel operation and space or frequency-diversity operation. The equipment 
is transistorized except for the klystrons, and is capable of handling up 
to 960 channels of multiplex, or a black and white or color television channel. 
A supervisory channel is available in the 0.3 to52 kHz portion of the 
baseband. This channel has an input and output separate from the carrier 
input and output, and is suitable for order-wire use and supervisory tone 
transmission. 


be Monitor and Alarm: System continuity is verified by transmitting 
a pilot tone along with the baseband to the far-end receiver, where it is 
monitored by a pilot detector circuit. This pilot tone is also monitored 
in the transmitter where it originates, to verify that the pilot oscillator 
and the baseband transmitting circuits are all functioning correctly. A system 
pilot of either 3.2 or 8.5 mHz is available for all 76C applications, except 
960-channel message service or television service, either of which requires 
the 8.5 mHz tone. 
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Transmitting klystron power output, receiver noise level, and, in 
the case of @ diversity system, the difference in noise level between receivers 
are also monitored. The differential noise monitor causes a transfer to the 
quieter receiver whenever the noise difference between receivers is approxi- 
mately 6 db or more. This ensures that the received signal will be as good 
as or better than that obtained from the better receiver. 


Transmission path fading results in a higher noise level, therefore, 
a noise alarm can be caused by excessive fading as well as equipment failure, 
Periods of excessive fading are normally short so noise alarms are delayed 
for approximately one minute to prevent short-duration alarms. Equipment 
failure will, of course, bring in a sustained alarm, Alarm circuits restore 
themselves when the signal returns to normal, 
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EQUIPMENT SETS 


RADIO SET AN/FRC-109(V) 


TYPICAL DIVERSITY TERMINAL TYPICAL NON-DIVERSITY 
TERMINAL 


Fieure VI1-B-9.1.5 WATT MICROWAVE 
DIVERSITY RADIO SET AN/FRC-109(V) 
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3. AN/MRC-85 (AN/FRC-39) 

Radio Set AN/MRC-85 is a completely mobile communications terminal 
using the tropospheric scatter communications technique in the frequency 
range of 755 to 985 mNz. The 10 KW system is capable of relaying up to 
72 voice channels (/1CS application) over single hops up to 200 miles. 
Quadruple diversity is used primarily, but dual diversity operation can 
be accomplished using one antenna and part of the radio equipment (Figure 
VII-B-11). 


Installed in three military type vans and two special antenna 
trailers, the entire terminal is road-and-air-transportable. 


The principal components of Radio Set AN/MRC-85 are: 
AN/FRC-39(A) Radio Frequency Equipment 
AN/FCC-17 Multiplex Equipment 
CV/566 In-band Signalling Equipment 
4 ea AN/FGC-61B (0A~7008) 12-Channel Teletype Carrier Equipment, 
Two 150 KW Diesel Generators 
Two 28-foot Parabolic Reflector Antennas 
Diesel generators located in the power van are capable of 
supplying all primary power requirements of Radio Set AN/MRC-85, eliminating 
dependence upon commercial power. When desired, however, interconnection 
with coumercial power facilities is possible. 
a. Radio Frequency Equipment: The AN/MRC-85 Radio Set utilizes 
the type AN/FRC-39(A) radio equipment suitably modified for the more stringent 
requirements of vehicular mobile use. 
The transmitting equipment consists of an FM exciter-modulator 
and a 10 KW power amplifier with its associated heat exchanger and duumy load 
operating in the 755 to 985 mHz frequency range. The principal characteristics 
of the transmitting equipment are as follows: 
Baseband Inputs: 


Order Wire 25 Hz to 12 kBz 


Multiplex Split baseband 12 to 60 kHz and 60 
to 308 kiz ( ICS application) 


RF Range 755 to 985 mHz 
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Power Output 10 KW 
Planning Range 200 miles 


A frequency modulated, quadruple diversity receiver is used, 
capable of operating in either space-frequency or space~polarization modes. 
A threshold extension unit allows detection of signals below the normal 
threshold level of the receiver. The principal characteristics of the re- 
ceiving equipment are as follows: 


IF 70 mz 
Bandwidth 72 channels 4 mHz ( {CS application) 


b. Multiplex Equipment: Voice multiplex equipment (AN/FCC-17) 
and telegraph carrier equipment will be discussed later. 


c. Antenna Equipment: The AN/MRC-85 is normally supplied with two 28% 
solid parabolic reflectors equipped with cross polarized feed horns. Each 
of the two antennas is a self-contained unit constructed of modular packages 
which disassemble easily for transporting. The reflector mounts on a stable 
tripod type tower which eliminates the need for guy wires and supports. 
When asembled, the antenna tripod tower structure with reflector mounted is 
stable without ground anchors in winds up to 25 knots. With a ground anchor 
at each leg of the tripod, the antenna can be operated in winds up to 120 
knots with 2 inches of ice. 


Erection can be accomplished without the use of winches or 
other special equipment in 24 man hours. No site preparation such as excava- 
tion, footings, and concrete pads are required. The tripod tower is designed 
to disassemble into a trailer bed upon which all of the component parts of 
the antenna can be transported. The complete tower and antenna assembly forms 
a two axle trailer 20 feet long, 7 feet wide, and 8 feet high. The trailer can 
be towed by standard vehicles, his antenna arrangement is not normally 
used at !CS installations. Antennas shown in Figures IV-Ae2 and 7 are 
Similar to those used at {CS AN/MRC-85 installations). 


High power transmission lines are 3-1/8 inch coaxial cable 
between the transmitter output and the diplexer, and pressurized wave-guide 
between the diplexer and the feed horn. All low power RF transmission lines 
are 1-5/8 inch coaxial cable. (I[C5 installations utilize wave guides in 
lieu of high power transmission lines), 


d. Control and Ancillary Equipment: The AN/MRC-85 is normally 
supplied with control and ancillary equipment to support its mission. 
Equipment normally supplied includes protected distribution frames, audio 
and DC patching facilities, in-band signalling equipment, order wire, system 
alarm and performance monitor. In addition, two to four wire converters, 
sources of ringing voltage, special matching devices, teletype loop current 
controls and other similar equipment can be provided to adapt the system 
to any special circumstances, 
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The usual order wire provides a voice and/or teletype channel 
between terminals to be used for maintenance and operational checks and 
changes, [It uses the 250 Hz to 4 kHz channel in the 25 Hz to 12 kHz order 
wire band of the radio set, The remainder of this band, 4 kHz to 12 kHz, is 
available for additional order wire channels, 


e . Equipment Alarms: The radio set is equipped with fault indicator 
panels containing aural and visual indicators indicating abnormal operation 
of various sections of the radio equipment. The fault indicator panel contains 
provision for indicating malfunction or reduced performance of 21 separate 
circuits of the radio set. it is mounted directly over the operator's desk 
to provide an immediate indication of the location of a malfunction resulting 
in degradation of system performance. For each malfunction an appropriate 
indicator lamp is lit and a common alarm bell is sounded. A single common 
reset switch silences the alarm bell and restores it to the common alarm 
circuit. The trouble indicating lamp remains lit until the fault is cleared. 


Additional contacts on thealarm relays permit remoting of 
the alarm function to locations such as personnel quarters, 


f . Power Equipment: Two tandem generator sets and four diesel 
engines form an extremely reliable power generating system for the radio set. 
Each power system consists of one 150 kw generator and two diesel engines, 
one located on each end of the generator shaft. Either of the two systems 
is capable of providing full power to the radio set but during normal operation, 
each generator supplies 50 percent of the load or up to 75 kw each. One diesel 
engine is used to drive each generator and the other engine is a standby. 

The system is designed so that one generator and two engines can fail and 

the dual tandem system will still produce the total 150 kw load. Furthermore, 
if three engines fail, the remaining engine can still produce 150 Kw for up to 
three hours without harmful effects on the engine. This method results in 

the ability to continue producing power under practically all adverse con- 
ditions of engine or generator failure. 


Automatic monitoring and switching equipment effects transfer 
in the event of a power failure, 
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4. Radio Set AN/MRC-98 (AN/FRC-39): 


General Description: Radio Set AN/MRC-98 is a transportable communi- 
cation facility operated in the tropospheric scatter mode in the 755 to 985 
mHz frequency band. It provides up to 60 nominal 4 kHz VF channels in its 
modulation baseband. The VF multiplex equipment used is the AN/FCC=-17 which 
is described elsewhere in this material. One voice channel is allocated for 
telegraph operation permitting full duplex operation of up to 12 teletype 
channels-over the system with the VFCT (voice frequency carrier telegraph) 
equipment provided. Transmitter output power is 10 KW. Each receiving 
system has a noise figure of 2 db through the use of parametric amplifiers. 
Both space and polarization diversity are used to offset fading conditions, 
resulting in a considerable improvement in overall reliability. Radio Set 
AN/MRC~98 is housed in two air conditioned semi-trailer vans, A third van 
houses the two diesel engine generator sets, either of which can supply the 
complete power requirement for the facility. Two antennas are provided for 
the system. One leg of the supporting tower of each antenna is provided 
with wheels; it forms its own trailer bed for an entire antenna assembly when 
disassembled (Figure VII-B-12), The Radio Set AN/MRC-98 is transportable 
either by land or by five C-130 aircraft. When at an operational location, 
approximately 100 manhours are required to put the system in operation. 


Interface Characteristics: 
Radio Equipment 
Frequency Range 755 to 985 mHz 


Transmitter Power Output 10 KW 


Tne only MRC-98 deployed in SEA are located in Thailand. 


VII - 29 


oe) 
ron 

t 
1S} 
NVld ONILIS ALIMOV e 
86-DUW/NV LAS OIGVYN “Selmar IIA aunold = 
=e 

BOINDIAVM SL6-UM 
OW S86 O1 SSL OW S86 OL SS 
86-OUW/VEZb> —VO 86-DYW/6Z>b-VO 
dNOYD VNN3LNY dNOYD WNN3LNY 

Hsia HSI (on) 

DQ 108vavd AINOS ez oMoavavd dios ,8z <5) 

t 

oct | ~ 

> 


l (86-DYW/892—-A) (86-9YW/292 -A) 
| 2 ‘ON NWA SOINOULI3I73 tON NVA SOINOYLO373 
XW 9 


s37av2 xvod ¢! 
uamod . 


3SNIT Tans 


fy 
nd 
Q 
S 
fa 
[o) 
ay i 
wy 
4 
fH 


NIW Of 


S¥NWL V3Ns —~ (VAX OSI) 


86-DYUN/6972-A 


Se IRCH3: 


The LRC«3 equipment is used only on the system providing entry 
into Thailand via the southern route. This is from Phu Lam to Vung Tau to 
Green Hill in Thailand. 


Radio Set IRC-3, consisting of exciter equipment and receiver 
equipment, is used for the transmission of multiplex and video information 
over both line-of-sight distances and tropospheric scatter systems (with a 
separate high-power RF amplifier). VF multiplex equipment used is the 
AN/FCC-18, which is described elsewhere in this material. 


The mode of transmission is frequency diversity, space diversity, 
or a combination of the two. 


Provisions also are included for communicating over a service 
channel (order wire) located in the low frequency end of the base band. 


The 


The Exciters 
1700 to 2200 


The 


Exciter LRC-3E consists of the following units: 
1 Signal Splitter Unit 

2 Kxciter Units 

2 Power Amplifier Units 

1 Pilot Tone Unit 

2 Main Power Supply Units 

2 Power Amplifier Power Supply Units 


RF Output Power, is from 1 to 10 watts and its RF Range is 
mHz. 


receiving equipment consists of the following major units: 
1 Diplexer 

2 Phase-Lock Receivers 

1 Dual-Diversity Combiner 


1 Common Baseband 


Specifications: 


Receiver 


Frequency modulation, single conversion 
superheterodyne; fixed tuned; RF preselec- 
tion. 
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RF Range 1700 to 2200 mHz 


Intermediate Frequency 70 mHz; 1 or 3 mHz bandwidth, as selected 


C. VOICE FREQUENCY MULTIPLEX EQUIPMENT: 


1. AN/FCC-17 


The AN/FCC-17 is the standard VF multiplex terminal used in [CS 
in Area 1 (Vietnam). It is also used in some of the transportable tropo 
systems. 


a. General: A single Multiplexer Set AN/FCC-17 provides sixty 
4=kHz voice channels in the supergroup number 1 frequency (60-300 kHz) allocation 
(Figure VII-C-1), The physical arrangement of the AN/FCC+17 is such that the 
set may be used as the basic unit of a high density terminal providing up to 
600 channels. The channel capacity of this assembly may be expanded to a 
maximum of ten supergroups (600 channels within a frequency spectrum of 60- 
2540 kHz) by the addition of applicable equipment (Figure VII-C-2), 


A single Multiplexer Set AN/FCC-17 is contained in five 
equipment racks. A total of 13 equipment racks are required for a full 600- 


channel arrangement. 


b. Specifications: 


Channel Capacity From 12 up to 600 four-kHz duplex 

channels in 12 channel increments. 
Modulation SSB, suppressed carrier, Twin Channel, 
Type of Multiplex Frequency division. 


Frequency Allocations: 


Channel Drop 300 to 3500 Hz 
12-Channel Group 60-108 kHz 
60—Channel Supergroup 312-552 kHz 


Line Frequency : 


12-Channel Group 12-60 kHz or 60-108 kHz 
60-Channel Group 12-252 kHz or 60-300 kHz 
240-Channel Group 60-1052 kHz 
600-Channel Group 60-2540 kHz 
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Transmission Facilities Designed for operation with either FM 
or single side band radio facilities in 
line-of-sight or tropospheric scatter 
links; output may be adapted for cable 
or open wire transmission by use of 
appropriate auxiliary equipment, in- 
cluding repeaters, equalizers and regula- 
tors. 


Processing Capabilities Voice, Digital Data, Teletype, Facsimile, 
or other graphic information. 


Type of Carrier Frequency Slave terminal synchronized to a 96 kHz 
Synchronization pilot introduced into the high frequency 
line at the master terminal. 


Voice Channel Characteristics: 
Frequency Response (6000 3 db variation, 300 to 3500 Hz, referred 


mile DCS circuit) to. 1000 Hz test tone. 1 db variation, 325 
to 3450 Hz, referred to 1000 Hz test tone. 


Envelope Phase Delay 225u sec, 600«3200 Hz, 130u sec, 1000. 
(5000 mile DCS Circuit) 2500 Hz. 
Impedance 600 ohm, balanced 
wevels: 
Tnput -16 db 
Out put «7 dbw 
Manufacturer Lenkurt Electric Company, Inc. 


The most Significant performame characteristic of the 
AN/FCC~i7 is the ability to maintain low channe! noise and distortion under 
100% data loading. 


c. Modulation Plans: Note that the modulation plan, Figure VII-C-?7 
uses the lower and upper sidebands alternately on adjacent channels requiring 
only six channel carrier frequencies. This type of modulation is called 
“Twin Channel Modulation" (TCM). 


The diagram of Figure VII-C-3 of the AN/FCC-17 multiplex system 
shows the relationships of the GROUP patch panels and the SUPERGROUP patch 
panels to the multiplex gear. The GROUPS go through the GROUP patch panel, 
where patches can be made if necessary, likewise, the SUPERGROUPS go 
through the SUPERGROUP patch panel. 
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The AN/FCC-17 is used with the AN/MRC-85 radio equipment to 
provide 72 channels (Figure VII-C-4). In this case, SUPERGROUP 1 consists 
of 60 channels and SUPERGROUP 1A consists of GROUP 5 only, in the frequency 
range 12-60 kHz. The AN/MRC-98 uses the AN/FCC-17, SUPERGROUP 1 only, to 
provide 60 channels (Figure VII-C~), 


d. Equipment Configuration: A typical AN/FCC-17 equipment configura- 
tion is shown in Figure VII+#C-5. 


e. Failure Alarm System (Figure VII+C-6): 


General: All vital circuits of the AN/FCCe#17, including the 
power supply, carrier frequency supply, supergroup equipment, fuse panel, 
group pilot and the synchronization pilot circuit, are connected to an alarm 
system which provides visual (and audible) indications in the event of an 
equipment failure. 


The AN/FCC-17 uses group pilots inserted in the channel 
multiplexers and picked-off in the channel demultiplexers to monitor opera- 
tion and activate the alarm system in case of failure in any stage of the 
transmit and receive path equipment. in addition, the outputs of the various 
carrier equipment shelves and the power supply sets are also monitored by the 
alarm system to indicate equipment status. The AN/FCC-17 does not depend on 
a fuse failure to activate an alarm, 


The AN/FCC-17 contains two types of alarm circuits: (1) 
major alarm and (2) minor alarm, The minor alarm circuit is activated by 
the failure of any unit which is operated in parallel with an identical 
unit. The major alarm circuit is activated if both units in a parallel cir- 
cuit fail, by loss of any one of the incoming group pilots, or by loss of 
the 96-kHz synchronization pilot; thus a minor alarm indicates only that 
system reliability is reduced, whereas a major alarm indicates a partial or 
complete loss of the system. 


Master Alarm Panel: The Master Alarm Panel, receives the alarin 
signals described above and provides a centralized location of the alarm 
condition of the AN/FCC-17. The alarm conditions indicated on the Master 
Alarm Panel may be connected to an external alarm circuit to activate remote 
alarm lamps or buzzers,. 


Group Pilot Alarm: A 64ekHz group pilot signal is inserted in 
the 12-channel group output of each Channel Multiplexer. These signals are 
picked off at the receiving terminal and passed to the Group Pilot Alarm. 

In the event one of the pilots is not received, a lamp on the front panel 
of the Group Pilot Alarm lights to indicate which group has been lost. At 
the same time, a major alarm condition is indicated on the Master Alarm Panel, 


* Reprinted from AN/FCC-17 Training Text with permission of Lenkurt Electric 
Co., Inc. 
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Equipment Shelf Alarms: In addition to the alarm lamps 
provided on the Master Alarm and the Group Pilot Alarm panels, alarm lamps 
and alarm cutoff switches are also provided on the front panels of the 
various equipment shelves which are monitored by the alarm system. The 
shelf alarm circuit and lamps isolate the equipment failures to the defective 
circuit and activate either the minor or the major lamp on the Master Alarm 
Panel, whichever is applicable. The alarm cutoff switch turns off the alarm 
lamp on the Master Alarm Panel and lights the alarm cutoff lamp on the 
defective shelf. 


f. Test Facilities*: A Transmission Test Set for monitoring and 

maintaining equipment and system performance is supplied as an integral part 

of the AN/FCC-17, It is designed for use by relatively inexperienced operators 
and technicians. Personnel with very little training can use the Transmission 
Set to quickly and accurately perform alignment as well as routine maintenance 
and trouble-shooting procedures. With the exception of a multi-meter, no other 
test equipment is required to perform all test functions required for lineup 
and operation of the AN/FCC#17, 


Specific functions of the Transmission Test Set are listed 
be low: 


(1) Generates a 1-kHz test tone and provides for local terminal 
alignment of the VF transmitting path and receiving path. The terminal may 
then be connected to the hf line for end-to-end tests at the correct signal 
levels. 


(2) Measures group pilot signal levels at each modulation and 
demodulation stage. Thus, by routine checks, any system degradation is 
readily apparent. 


(3) Generates pilots at line frequencies for local terminal 
alignment of the receiving transmission path. The terminal may then be con- 
nected to the hf line for end-to-end testing and operation. 


(4) Measures the carrier frequency output levels of all carrier 
frequency supplies and amplifiers. 


The de and ac supply voltages are checked with a multimeter, 
Since these meters are standard in all communications centers, this function 
was not included in the test set. 


For large fixed-office applications, the test set can be 
supplied mounted in a dolly cabinet; for small fixed-office or tactical ap» 
plications, it can be supplied rack-mounted with the multiplex equipment. 
One dolly-mounted test set can be used as test facilities for any number of 
AN/FCC-17 multiplex terminals installed at the same locations. 


* Ibid 
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2 
3 
4 
5 
6 
7 
8 
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Common Equipment (Rack 1) 


Terminal Board 

Power Supply Set (net in ICS ) 
Carrier Supply Fuse Panel 
Master Alarm Panel 

Master Frequency Generator 
Supergroup Carrier Generator 
Supergroup Carrier Supply 

Group Carrier Generator 

Group Carrier Supply 

Group Carrier Amplifier 


Channel Carrier Generator 

(for LSB or twin channel equipment) 
or 

Channel Carrier Supply 

(for twin channel equipment only) 


Storage Cabinet 


Channel Equipment (Rack 3) 


COMMON NAME 
Terminal Board 
Power Supply Set(net in {CS} 
Channel Demultiplexer Fuse Panel 
Channel Carrier Amplifier (Even) 


Channel Demultiplexer 
(LSB or twin channel as required) 


Group Pilot Alarm 


Channel Multiplexer 
(LSB or twin channel as required) 


Figure Vil-C-5. AN/FCC-17, MULTIPLEXER SET, 
Rack ELEVATIONS (PAGE 1 OF 2) 
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Group/Supergroup Equipment (Rack 2) 


COMMON NAME 


ra 


Terminal Board 


oe PED coccccoces@e 
eee cccccccce 
*e | RYReeeeeee ee ee 


Group/Supergroup Fuse Panel 
Supergroup Demodulator Combining Panel 
Supergroup Modulator Combining Panel 
Supergroup Jackfield 

Supergroup 1 Modulator a 
Supergroup 1 Demodulator 14 
Supergroup 2 Modulator 


2 
3 
4 
5) 
6 
7 
8 
9 


Supergroup 2 Demodulator 


Supergroup 3 Modulator 


a 
| aT sed 
lS | 


Supergroup 3 Demodulator 17 


Supergroup 4 Modulator 
Supergroup 4 Demodulator 
Supergroup Equipment Support 
Group Receive Jackfield 
Group Transmit Jackfield 
Group Demultiplexer 


Group Multiplexer 


Fecure Vil-C-5. AN/FCC-17, MULTIPLEXER SET, 
Rack ELEVATIONS (PAGE 2 OF 2) 
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FAILURE ALARM 
SYSTEM 


MA JOR 


CARRIER 
GENERATION 
SHELVES 


EXTERNAL 
ALARMS 
MINOR 


SUPERGROUP 
MOD ANO DEMOD 
SHELVES 


CHANNEL 
DEMULTIPLEXER 
SHELVES 


Feaure VileC-6 FAILURE ALARM SYSTEM, OVER*ALL Block DIAGRAM 
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2. AN/FCC-18 


The AN/FCC-18 is the VF multiplex terminal used in iCS in Area 2 
(Thailand). It is also used in the LRC-3 in Vietnam, 


A single multiplexer set AN/FCC-18 provides sixty 4% kHz voice 
channels in the supergroup one frequency spectrum. The physical arrangement 
of the AN/FCC-18 is such that the set may be used as the basic unit of a 
high density terminal providing up to 600 voice channels. The channel capacity 
of this assembly can be expanded in basegroup (12 channel) increments to a 
maximum of ten supergroups (600 channels occupying a frequency spectrum of 
60-2540 kHz) by the addition of applicable equipment (Figure VII~C-7), 


A single multiplexer set AN/FCC-18 is contained in three equipment 
racks, Internal alarm is provided in the event of loss of channel carrier 
within the multiplex. Only one means of path alarm and syncronization is 
provided between terminal points. This is done by the 60 kHz pilot frequency 
generated by the multiplex terminal set. Additional terminal sets can be em- 
ployed and slaved to a master terminal for syncronization purposes. In the 
event of failure of the 60 kHz pilot from the master station, a standby pilot 
takes over instantly. There are no pilot frequencies generated in each base- 
group (12 VF channels) to provide alarm monitoring in case of basegroup failure 
at the receive terminal, 


Multiplexer set AN/FCC-18 does not normally provide for individual 
channel patching of circuits. If individual patching of channels are desired, 
special provisions for installation of jack details will have to be made. 
Multiplexer set AN/FC-18 in the 60 channel (one supergroup) configuration 
does not provide for group patching facilities. 


Technical specifications: 


Channel capacity From 12 to 600 4 kHz duplex channels in 
12 channel (one group) increments, 


Type of multiplex Frequency division, single sideband, 
and modulation suppressed carrier (lower sideband). 


Frequency allocations: 
VF Channel 300 to 3450 Hz 
12 channel group (one basegroup) 60-108 kHz 
60 channel group (one supergroup) 312-552 kHz 
240 channel group 60-1052 kHz 


600 channel group 60-2540 kHz 
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Employment 


Processing capabilities 


Type of carrier frequency 
synchronization 


Envelope delay 


levels (4-wire) 
Input 


Out put 


Designed for operation with either FM or 
SSB radio facilities in line of sight or 
troposcatter links; output may be adapted 
for cable or open wire transmission by 

use of appropriate auxillary equipment, 
including repeaters, compandors, equalizera, 
and regulators. 


Voice, digital data, teletype and fac- 
simile, 


Slave terminal synchronized to 60 kHz 
pilot generated into the baseband at the 
master terminal, 


From 800 to 3000 Hz the differential de- 
lay (maximum with respect to minimum) 
between two frequencies is 350 seconds 
Nominal in a single back-to~back arrange- 
ment. 


-16 dbm 


+7 dbm 


When the modulation plan for the AN/FCC-18 in compared to that for 
the AN/FCC-17, a point of incompatibility is noted. In the AN/FCC-18, all of 
the individual channels in the GROUP are inverted (lower sideband, single= 
sideband~-supressed-carrier), whereas in the AN/FCC-17, the channels alternate, 
inverted and erect (twin-channel modulation). If it is necessary to connect 
a GROUP between these two pieces of equipment, only half of the channels would 


be usable. 
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EQUIPMENT SETS 


MULTIPLEXER SET AN/FCC-18(V) 


Figure VIl-C-7. 
600 CHANNEL, SOLID STATE, VF MULTIPLEX (FDM) 
SET AN/FCC-18(V), 120 CHANNEL CONFIGURATION WITH SIGNALING 
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3- ICS System Synchronization: 


A 96 kHz pilot frequency is used for synchronization of the 
entire Area 11CS_ system. 


The “Master™ 96 kHz is produced by the Master Frequency Generator 
(MFG) at the Nha Trang cable terminal. This signal is then transmitted via 
cable or radio to all other sites in the [Cs system, whose frequency generators 
operate as “slaves't (Figure VII-C-10). 


This pilot is received at the terminal, separated from the channel 
signals, and fed into the Master Frequency Generator drawer (Figure VII-C-11), 
A phase detector compares the phase of the incoming 96 kHz tone and the phase 
of the locally produced one. If there is an error in phase between the two 
signals, an error voltage is produced which is proportional to the error. 
This voltage is then fed back into the oscillator which will produce a fre- 
quency change in the local "slave" MFG drawer. The MFG drawer supplies a 
basic 8 kHz signal which is used in the carrier equipment to generate all 
channel, GROUP and SUPERGROUP carrier frequencies. As the basic 8 kHz fre- 
quency is corrected all carrier frequencies are also corrected and frequency 
synchronization is maintained. 


If the incoming 96 KHz pilot tone is lost, the MFG will lock in on the last 
received signal. At this time the MFG will continue to supply 96 KHz pilots 
to all sites "downstream" but the MFG in the absence of the phase lock con= 
trols will be subject to drifts. (Figure VII-C-10) 


It is not desired for the 96 kHz pilot to enter the channel 
demultiplexers, Figure VII-C-11 shows how it is eliminated as well as other 
details as to its routing in the terminals. a 


Area 2 (Thailand) uses a 64 kHz synchronization pilot. Synchroniza« 
tion between the two areas is provided over the Vung Tau = Sattahip undersea 
cable and Monkey Mountain = Warin Radio System. Pilot interface is accomplished 
at the 8 kilz level. 
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D. TELETYPE MULTIPLEX EQUIPMENT: 


There are two primary types of teletype multiplex equipment in the 
[Css 


AN/FCC-19, -25 (Contractor Furnished) 
AN/FGC-60 (Government Furnished) 


It is common to refer to teletype multiplex equipment as VFTG (voice- 
frequency telegraph) equipment; however, DCA publications use the ABBREVIATION 
VFCT (voice-£requency carrier telegraph). 


1. AN/FCC-19, -25 Telegraph Terminals: 


a. General Description: The AN/FCC-19 and AN/FCC=25 are full duplex, 
honediversity, frequency division telegraph multiplex equipment for transmitting 
telegraph information over microwave, tropospheric scatter, or landline facilities, 
(Figure VII-D-1,2). The AN/FCC-19 multiplexes 16 channels of telegraph 
information into a single voice channel. The AN/FCC=25 multiplexes 32 channels 
of telegraph information into 2 voice channels (essentially two AN/FCC-19's in 
a single rack), The FSK (frequency shift keying) modulation and channel 
carrier frequencies are in accordance with DCA standards. The AN/FCC-19, =-25 
has a meter and test panel which provides a 90 baud square wave test signal, 

a 600 ohm balanced line step-attenuator which may be patched into any VF cir- 
cuit, a loop meter for measuring telegraph loop current, a delay meter for 
comparing relative transition times on two independent loop circuits, and VU 
meter for bridging or terminating measurements on 600 oHm VF circuits. 


Manufacturer: Tele-Signal Corporation 
b. Technical Characteristics: 


DC Loop Input: 


Input Keying 10 to 100 ma dc, up to 150 vdc, neutral 
or polar, positive or negative 

Keying Sense Direct or inverted, positive or negative 

Keying Speed Up to 90 baud 

Bias Distortion Tolerance Bias correction adjustment compensates 


for up to 10% marking or spacing bias. 


DC Loop Output: 


Relay Output Polar relay contacts, electrically floating, 
for 10 ma to 100 ma loop current 


Direct Output Neutral -12 vdc, 10 ma max (source im- 
pedance approx 200 ohms) 
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Keying Sense 
Bias Distortion 
Signal Delay Compensation 
Keying Speed 

VF Channel Input: 
Frequency Range 
Modulation 
Signal Level 
Impedance 

VF Channel Output: 
Frequency Range 
Modulation 
Signal Level 


Impedance 


Direct or inverted, switch selectable 
less than 5% at 90 baud 
5 milliseconds minimum adjustable range 


Up to 90 baud 


300 Hz to 3 kHz 
FSK 
-45 to +5 dbm/ch 


600 ohms 


300 Hz to 3 kHz 
FSK 
-5 to -30 dbm/ch 


600 ohms 


Block diagrams of a send and a receive channel are shown in 


Figure VII-D-3, 


2. Telegraph Terminal AN/FGC-60 (V): 


a. General Desciption: 


The AN/FGC=60 (V) Diversity Telegraph 


Terminal is intended for use on long distance communications links, It 
provides for transmission and reception of a number of independent telegraph 
channels which are simultaneously conveyed over one audio circuit. To insure 
a high order of realibility, the receiving portion of this system is equipped 
with dual diversity as well as quadruple diversity facilities. (The Ics 
does not use the diversity terminal), 


The AN/FGC-60 (V) Nondiversity Telegraph Terminal is in- 
tended for use on communications links where diversity is not required. The 
terminal provides for the simultaneous transmission and reception of a number 
of independent telegraph channels, and contains the identical basic components 
of the diversity terminal except for the diversity comparators and twinning 


pane ls e 


(This is the terminal found in the EE Buildings). 


Both terminals are fully transistorized 16 channel frequency 
division multiplex systems. All the channels are individually operated and 
utilize the audion frequency shift keying method of signalling. Maximum key- 


ing speed is 100 wpm. 
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b. Technical Characteristics (Nondiversity Telegraph Terminal): 


Number of Channels 16 
Channel Speed 100 wpm max 
Modulation Type Independent audio frequency shift 


keying of each channel 


Frequency Band 3 ke nominal speech circuit for 16 each 
100 wpm telegraph channels, 


Channel Center Frequencies 425 to 2975 Hz, spaced 170 Hz 
Frequency Shift $42.5 Hz 


Signal Sense Positive all channels (mark is center 
frequency + 42.5 Hz) 


Receiving Section: 


Input: 

Ty pe Frequency shift keyed audio 

Frequency Bandwidth 3 Hz nominal speech circuit 

Keying Speed 100 wpm 

Impedance 60 ohms balanced (transformer isolated) 

Output : 

Level and Impedance Neutral floating output of 65 ma maximua 
into 200 ohms. 

Telegraph Battery Internally provided (may be disabled if 
external battery desired} 

Loop Current Adjustment 2500 ohm, 25 watt potentiometer inter- 


nally provided in Electronic Switch. 
Transmitting Section: 
Input : 


General Electrically floating; input terminal may 
be grounded or left ungrounded. 
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Keying 


Keying Speed 


Power 


Output 


Audio Impedance 


Neutral: #40 to 65 ma into 220 ohm load, 
direct or inverted; 420 ma into 620 ohm 
load, Neutral: 41 wa min into 2200 oha 
internal load, 10 vde. Polar: direct or 
inverted, #1 ma into 2200 ohm internal 
load polar. 


100 wpm 


Sending battery not provided; external 
battery required. 


600 ohms balanced. 
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EQUIPMENT SETS 


TELEGRAPH TERMINALS AN/FCC-19 AND AN/FCC-25 


Figure ViIJ-D-1. 16 CHANNEL, FULL DUPLEX 
TELEGRAPH TERMINAL AN/FCC-19 
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AN/FCC-19 


EQUIPMENT SETS 
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AN/FCC-25 AN/FCC-19 


Figure Vil-D-2. 


EQUIPMENT LAYOUT OF TELEGRAPH TERMINALS 
AN/FCC-I9 AND AN/FCC—25 
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E. ICS CONDITIONING EQUIPMENT : 


1. The following list of conditioning equipment represents 
what may be expected to be found in all ICS Tech Controls: 


a. V¥ Amplifiers 
b. VF Attenuators 
Ce SE Units (1600 Hz And 2600 Hz) 
d. 20Hz Ringdown Converters 
e. 2wW/4W Term Sets 
f.. DC Isolation Relays 
g. 4Way -4Wire Bridges 
h. Limiters 
i. DX-2 Units ( AT some sites} 
j- Pulse Link Repeaters 
k. Regenerative Kepeaters 
1. LC Hubbing Units 
2. It my be that additional pieces of specialized gear may be 
found in one or more EB's, however this equipment is usually installed 
for special applications and is not common to all sites. 
1. Voice Frequency Amplifier: 
Model: 456B 
Manufacturer: Altec Lansing 


a. Specification: 


Frequency Kesponse +1 db, 2006000 cycles 
Maximum Power Input -22 dbm (at maximum gain) 
Maximum Power Output +17 dbm 
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m. 


Qutput Noise Level -70 dbm 
Input Gain Control Varies gain from -2 db to maximum of 39 db 


Operating Voltage 24 or 48 vde (selected by moving screw, 
accessible on bottom of amplifier case) 


Input Impedance 600 ohms 
Output Impedance 600 ohms 
Current Drain 20 ma (at 25 and 50 vde, when selector 


screw is in proper position) 


be. Description: The 456B amplifier is an all-transistor unit, 
utilizing three silicon transistors and a printed circuit for maximum uniformity 
of production and minimum variation in operational characteristics when subjected 
to ambient temperatures as great as 140°F, 


The circuitry of the 456B Amplifier has been designed to 
minimize RF radiation from nearby relays, stepping switches, battery supply 
spikes, etc., in order that relatively high speed data may be passed through 
the amplifier without excessive signal mutilation. 


The gain control affords a range of approximately 40 db. In 
order to adjust the gain, the lock nut on the control must be loosened. The 
level at the monitor pins on the front panel, bridged by 600 ohms, is 11 db 
below the output level of the amplifier. After adjustment is completed, 
carefully tighten the locking nut and recheck the gain setting to ascertain 
the control shaft was not disturbed in the tightening operation. 


2. VF Attenuators: 


Manufacturer Lenkurt Electric 
Model 5200 A 
Mounting 4 to a shelf 
Values 0-31 db in 1.0 db steps 
Impedance 600 ohm balanced 
Levels: 
Input ~20 dbm maximum 
Output Depends on option and input level 
Construction Purely resistive, suitable for use on 


voice or carrier frequency circuits. 
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The attenuator consists of a series of balanced H-pads (Figure 
VII-E-1la), 


The desired amount of attenuation is selected by placing straps 
on the terminals to either connect the appropriate H-pad in the circuit or 
to short it out. The dotted lines on the schematic in Figure VII-E-la depict 
the straps for 10 db. The straps are actually made on the front of the unit. 
Figure VII-E-lb show the front of the unit properly strapped for 10 db loss. 


Problem Areas: 


The problem with straps on the attenuator is that the wiremen will 
fail to place the straps on bottom row of lugs. This causes the circuit to 
become unbalanced. 


3. Single Frequency Signalling Units: 


A typical application of the Collins SF Unit is shown in Figure 
VII-E-2, The theory of E&M signalling was covered earlier in section VI-De4, 
Both models of signalling units are small transistorized plug-in modules 
mounted 20 units to a shelf, 3 shelves to a bay, 


The two units are: 
2600 Hz Model 20D3-1MX 
1600 Hz Model 20D4-1MX 


These units are quite similar in appearance; however, the 1600 Hz 
unit can be easily recognized by the presence of a black push button on the 
front panel, The Collins SF units in the JCS EE buildings have been modified 
so that it is not necessary to have battery on the M-lead to turn the tone off. 
The modification is such that either battery or an open condition on the M-lead 
will cause the tone to be turned off. However, if there is an open on the 
M-lead, there is the possibility that noise on that lead will cause the tone 
to be turned on; therefore, for long M-leads (those leaving the EE building) 
battery-on-«the-lead should be used to insure proper operation. This modifica- 
tion becomes especially valuable when it is desired to place two SF Units 
back-to-back to change signalling frequencies. In this configuration the 
Melead of one unit connects directly to the E-lead of the other. 


E lead M Lead 
(From SF Unit) (To SF Unit) 
Standard Conditions: 
Tone (on hook) Open Ground 
No Tone (off hook) Ground Battery 
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Option Possible for Short Control leads: 
Tone (on hook) Ground Ground 
No Tone (off hook) Open Open 
4, 20 Hz Ringdown Converter: 
Manuf acturer Collins 
Model 20E1-MX 
Converters incoming AC ringing tone bursts into DC signals 
(M lead) to key a signal tone for transmission. The unit also converts 
receive DC signals (E lead) into 20 Hz Ringing to provide ringdown conversion. 
Input Ringing Tone Requirements: 
16-100 Hz 
40 volts rms minimum 
Output Ringing Tone (determined by local source) 
20 Hz 
100 Volts 
5. 4-Wire Terminating Unit: 
Manufacturer: Lenkurt Electric 
Model: 31041 


The 4-wire terminating sets, hybrids, installed in the EE buildings 
have several important features (Figure VII-~E-3). 


a. The hybrid action causes a loss of 3.5 db in both the receive 
and transmit paths. 


b. There is an adjustable attenuator in each leg that may be set 
to any value between O and 7.75 db in .25 db steps. 


c. There is a yvaristor that may be installed across the XMT 
Pair to suppress dial transients, etc. When this is dome, an additional 6 
db of loss is added in the transmit path. 


d. There is built-in adjustable "network build-out" available 


as well as a compromise net and terminals to connect a precision external 
network as desired. 
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"ICS Standard" 


The normal use of the hybrid in (CS circuits will be (Figure 
VII-E-4): 


a. Varistor connected in XMT line. 
be Total loss in XMT line =~ 16 db. 
ce Total loss in REC line - 4 db. 


de Network build-up set to "Compromise Net". 
Strapping 


The adjustable attenuators are set by connecting straps on the 
front of the unit (Figure VII-E-5 a &b). The varistor and COMP NET are 
connected by straps on the rear of the unit (Figure VII~E=-5 d). 


The proper method of strapping is not understood by most technical 
controllers. Any term sets strapped other than shown in figures VII-E-5 b &d 
should be questioned. 


6. Isolation Relay Assembly: 
Manufacturer Northern Radio 
Model 304.1A 


The isolation relay assembly installed in the EE building is very 
small and compact. On a panel occupying only 3% inches in a 19 inch rack 
there are 9 relays mounted together with the adjustable resistors in the bias 
winding loop of each relay. The relay itself is the Sigma 72A, a very common 
plug-in isolation relay, The relay is capable of either de neutral or polar 
operation. The bias winding current is obtained from the 48v station battery. 
The relay assembly panel is mounted beneath the jack strips in the DC Patch 
Bay. 


7. 4-Way, 4-Wire Bridge: 


The 4-4 bridges presently in use in the EK buildings were locally 
fabricated. They are completely passive units with an insertion loss of 
approximately 14.5 db and provide isolation in excess of 60 db. A schematic 
of the bridge is shown in Figure VII-E-6. For details as to their construce 
tion and use refer to RCG LL TCG S&P Item Nr. 0521. 


8. Limiters: 


The limiters used in the EE building are WECO 100A varistors. 
There are 50 of these mounted directly on a vertical pin block. Wired in 
series with the varistor is a jack that is used to "lift" the varistor off 
the line (Figure VII-E-7). This lifting is accomplished when either a dummy 
plug or a plug from a4 monitoring or test device is inserted in the "Lifting 
Jack". 
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The lifting jacks are located in the miscellaneous jack strip 
on the PRIMARY Patch Panel. However, the WECO 100A varistor are designed for 
use at the ~-2 dbm level and must be installed across the line at the 
CKT Patch Panel point. 


9. Repeating coils: 


These are standard 600 ohm center=tapped to 600 ohm cemer- 
tapped transformers used to provide audio contimuiity and DC isolatim,. 


10. DX 1 and DX 2 Units: 


DX 1 and DX 2 units, made by Stromberg Carlson, are used to 
extend the capabilities of the E & M leads over circuit paths greater 
than 25 ohms. These units are generally used at locations where the 
signal site is located some distance from the dial central office (DCO). 


11. Regenerative Repeaters: 


The TH-73/UGA-5 regenerative repeaters are used in the ICS to 
restore distorted (up to 45%) teletypewriter signals to 5% distortion 
or less. This is accomplished by cirmits that electronically time 

and regenerate the signal. 


12. DC Hub Repeaters: 


DC Hub Repeaters, Northern Radio Model 353, are used to provide 
multipoint terminal operation for teletypewriter subscribers without 
the usual series cirmit configurations. In this fashion, circuit faults 
in one leg of the mltipoint cirmit wild not disable campletely all other 
legs of the circuit, 


13. Echo suppressors: 


The long haul circuits (SATCOM, oversea cable,etc.) require the 
use of echo suppressors to reduce the amplitude of return signals "echoed" 
from the distant end. These echos, usually caused by an unbalanced hybrid 
at the distant end, are not noticeable on short circuits because the 
returned signal is not distinguishable from the sidetone in the 
telephone circuit. The longer circuits, because of the transit times 
involved, have echo problems because the user can easily separate the 
echoed (and delayed) signal from the telephone sidetone signals. 
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A. ATTENUATORS SCHEMATIC 


(Dotteo LineseStraps For 100B) 


B. Frewt View (Straps For 1008 Less). 


FIGURE VII-E=-1 VF ATTENUATOR 
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F. PATCH PANELS: 


A number of patch panels are found in !ICS EE Buildings, providing 
the capability for patching circuits and groups, and for testing. This 
large number of patch panels distinguishes the EE Buildings from tactical 
technical controls and gives the technical controllers increased capability 
for restoring circuits by patching, as well as a testing capability. 


1. GROUP Patch Panel: 


The GROUP Patch Panel, located in the multiplex equipment room 
of the EE Building, provides a capability of testing and patching at GROUP 
level (Figure VII-F-1). A group can be rerouted by using a patch cord, just 
as a ccircuit can. Each GROUP has two appearances on the GROUP Patch Panel - 
one for each direction. These are arranged by SUPERGROUPS on two separate 
jack strips (Figure VII-F-2). Strip JFl is the transmit side and strip JF9 
is the receive side. These two jack appearances for each GROUP have the 
characteristic common to most patch panels - unless a patch cord is inserted 
in the jack, the GR MX IN is. connected to the CH MX OUT directly below it, 
and similarly GR MX OUT is connected to CH MX IN. When a patch cord is 
inserted into a jack, the "normal-through” path is broken and rerouting may be 
accomplished, There are also jack appearances for the input and output of 
the through-group filter pairs (JF7 in Figure VII-F-2),. 


2. Audio Patch Panels: 


There are three type of audio patch panels (see Figure VII-F#3): 


Voice Frequency (4 wire) 
Circuit (6 wire ) 
Primary (2 wire) 


These provide a patching and testing capability at various points 
in the circuit. 


a. VF patch bay - this provides jack appearances at channel 
modem input and output. A VF patch bay is shown in Figure VII-F=4, Figure 
VII-F-5 shows the jack module assembly of the VF patch bay and the wiring 
schematic of a VF jack set is shown in Figure VII-F-6. Figure VII-F-7 shows 
the VF patch bay arrangement as it is used for testing. An enlarged view of 
the VF jacks for two 4-wire circuits is shown in Figure VII-F-8. 


b. Circuit Patch Bay - this patch bay provides equal-level 
appearances of all circuits. If there is signalling on the circuit the SIG 
(E&M) leads have a separate appearance on the CKT patch bay. A circuit patch 
bay is shown in Figure VII-F-9. Figure VII-F-10 shows a circuit patch bay jack 
assembly which will handle twelve 6“wire circuits. The wiring schematic of 
a circuit jack set is shown in Figure VII+F-]1 and Figure VII=F-12 shows the 
in-out wiring of a circuit jack set. An enlarged view of the jacks for one 
circuit is shown in Figure VII-F-13. 
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c. Primary patch bay - this patch panel provides a patching 
capability at the subscriber end of the circuit. A primary jack patch bay 
is shown in Figure VII-F-14. Figure VII-F-15 shows a primary jack module 
capable of handling twenty-four 2-wire circuits and Figure VII-F-16 shows 
the wiring schematic of a primary jack set. 


3. DC Patch Panels: 
A DC patch bay is shown in Figure VII-F-17 with one DC jack 


assembly, capable of handling 12 circuits shown in Figure VII-F-18. Figure 
VII-F-19 is an enlarged view of the jacks for one 4-wire DC circuit. 
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G. COMBINED DISTRIBUTION FRAME =~ CDF: 


There is a large degree of individuality in the layout of the 
distribution frames in each EE building, but they do have certain common 
characteristics: 


1. There is only the one Combined Distribution Frame in each 
EE building. 


2. All outside cables are terminated on the vertical side. These 
cables are normally protected; however, in a few instances, short cables are 
Not. 


3. Many sites have a terminal box mounted on a pole adjacent to 
the EE building. This "pole box" has a cable that is also terminated on a 
vertical. 


4, The termination of all jacks (VF, CKT, PRI, and DC) appear on 
the horizontal side of the frame. 


5. All equipment, SF units, attenuators, amplifiers, multiplex 
inputs and outputs, etc., appear on the vertical side of the frame. 


6. Since the EE buildings were designed with a certain degree of 
planned expansion capability, there are often house cables terminated on pin 
blocks on the frame but not connected to any equipment. Sometimes they are 
wired to a plug-in module cage and the module capacity can be expanded by 
simply plugging in the additional modules. In other cases, such as attenuators 
and 4W terminating sets, it is necessary to “hard-wire"™ in the additional units 
in order to expand. 


H. ORDER WIRE SYSTEMS: 
Order wires are sole-user, dedicated circuits which are used for 
the operation and maintenance of the communications system. There are four 
different types of order wires found in the !JCC, 
Local Order Wires 
Circuit Restoration 
Express Voice Order Wires 
Express Digital Order Wire 
1. Local Order Wires: 
There is a local order wire connecting the two terminals of 
each !CS_ radio system, LOS, scatter, or diffraction. These order wires are 
often called the "engineering channels", and as the name implies, they are used 


primarily for the engineering maintenance of the system. They are terminated 
in the radio and multiplex equipment room at several handy locations, usually 
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at the end of a row of bays. Since each site usually has more than one system 
connecting it to other sites, the various local order wires are terminated on 

a jack strip and the maintenance man selects the desired one by merely inserting 
his headset plug in the proper jack. 


2. Circuit Restoration Order Wires: 


The primary users of the circuit restoration order wires are the 
technical controllers working at the patch panels. These order wires are 
usually terminated on “Lynch panels™ mounted in the patch panel bays, The 
Lynch panel not only provides the capability to answer incoming calls and signal 
the other terminal by using the key switches, but it may also be used as a 
“cordless patch panel" to extend a call received over one order wire out onto 
another onee 


As stated above, the purpose of these order wires is to provide 
communications for the technical controllers from one end of a circuit to the 
other. For this reason the allocation of circuit restoration order wires is 
not based necessarily on the number or size of links entering the site, but 
rather on the major terminals for circuits originating at this site. This 
is the same hasis that is used for determining thru-group allocations, and it 
is not surprising to see a close correspondence between the thru~group plan 
and the circuit restoration order wire plan. 


3. Express Voice Order Wires: 


The express order wires found in the {CS represent a rather 
unique type of engineering channel. Equipment is provided at each IWCS site 
to permit selective signalling over the express order wire by dialing a two- 
digit number. One drawback to this system however, is that it is effectively 
a party line. Therefore, there have been six different express order wire 
networks established. 


The first of these is the Major Technical Control Express Order 
Wire. This connects the technical control stations shown in the boxes in 
Figure VII-H-l. The other station in the network is the "SOC", the DCA/ 
STRATCOM Operations Center located adjacent to the EE building at Tan Son 
Nhut. Figure VII~H~l also shows the routing of this order wire circuit. It 
can be seen that it makes a complete loop that is open at the SOC. If Some= 
thing should happen to disable one of the links in this network, it would 
still be possible to contact all the stations by going around the loop the 
other way. 


The other six express order wire networks are the Area Networks 
shown in Figure VII-H-2. The SOC is a member of each of these area networks. 
A major technical control is a member of two networks and will have two exe 
press order wire control panels, whereas a minor station will have only the one 
and the SOC will have seven (note, there is one for each direction of the major 
network). 


The express order wires may be used only to call other stations 
in the same network. Therefore, Phu Bai would not be able to call Nha Trang 
or Cam Ranh Bay. Note, however, that the SOC can dial directly to call any 
site. 
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The primary purpose for the express order wire system is to 
provide communications for the SOC. These channels are intended primarily for 
system maintenance, control, and reporting of maintenance activities, 
4&. Express Digital Order Wires: 
Associated with each voice express order wire system, there is 
also a selective-call digital order wire network which permits passing teletype 


traffic to a specific location. It operates in a manner similar to the voice 
system. 


5. Routing of Order Wires: 

Order wires are generally classified as either “in-band” or "out~ 
of-band"™ according to whether they are routed over a standard voice channel 
of the voice multiplex equipment or over a "supervisory channel" derived in 
the frequencies below the multiplex message signal (ise., below 60 kHz). The 
exact details of how this is accomplished are covered elsewhere. 

The four types of order wires discussed here are classified as: 

IneBand: Circuit Restoration Order Wires 
Out-of-8and: Local Order Wires 


Express Voice Order Wires 


Express Digital Order Wires 
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Ie REMOTS ALARM SYSTEM: 
When you are out at an ICS site you might truly think that "Big 

Brother™ is watching and you would be correct, for the remote alarm system 
is transmitting detailed information about the status of your equipment to 
the DCA/STRATCOM Operation Center (SOC) at Tan Son Nhut. The system has been 
designed so that the occurrence of as many as 155 different conditions can 
be detected and transmitted to the SOC almost as quickly as tte local personnel 
learn of them through the local alarm bells and trouble indicating lights. 

When either a major or minor alarm occurs at a station, or an existing 
one is cleared, the SOC receives immediate notification. The personnel on duty 
at SOC may then interrogate the alarm transmitter at the remote site to obtain 
detailed information as to which of the 155 conditions exists. It should be 
pointed out again that all of this is accomplished with no action being taken 
by site personnel. 

1. Major Alarm: 


A major alarm is defined as the indication, local or remote, of 
the failure of a portion of the system that may result in a significant reduc- 
tion in the quality and/or quantity of channels available for service. 
This may be caused by the complete failure of: 
a. Any power amplifier (indicated by low forward power) 


be Any exciter (indicated by low forward power) 


c. Any receiver (indicated by received pilot failure or high 
noise). 


d. Any baseband amplifier (indicated by baseband amplifier 
transfer), 


e. Squelching of the radio baseband (indicated by operation) 
£. Multiplex transmission path. 


Or the occurrence of any of the five quality monitor alarms on the 
diffraction or troposcatter propagation mode paths, which are as follows: 


a. Reduction of the received signal intensity beyond a pre-set 
limit (severe long term fading). 


b. Variation in test tone level beyond pre-set limits. 
Ce Idle channel noise above pre-set limits. 
d. Digital error rate beyond pre-set limits. 


e. Transmitter loading above pre-set limits (over deviation). 
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Or the occurrence of a DC power system failure, which will result 
in an immediate or certain loss of DC power at the station in a short period of 
time as indicated by rectifier failure or a major power system fuse alarm, 


2. Minor Alarm: 


A minor alarm is defined as the indication, local or remote, of 
the failure of a portion of the system that may result in the loss of one por-~ 
tion of a redundant circuit that does not affect end-user service, or the 
various fuse alarms whose failure does not affect more than one voice channel. 


3. Path Alarm: 


A path is defined as the wide band transmission facility between 
adjacent stations, which includes the complete radio baseband made up of the 
radio equipment, antenna and transmission line equipment, and the propagation 
media between the adjacent stations. 


A path failure alarm is defined as an indication of the complete 
failure at the station of: 


(a) Both power amplifiers, 

(b) Both excitersie 

(c) All receivers. 

(d) Both baseband amplifiers. 

(e) Squelch relay panel operation on a particular path. 
4, Summary Information: 


Summary Alarm information is received at the SOC for all stations 
at all times, It indicates whether or not there has been a change of state, 
whether it is a major or minor alarm, and which path is affected (the system 
permits identifying up to 9 paths terminating at a single site). 


5. Detailed Information: 


When the operator receives a "Change of State” indication, he notes 
the summary information and then interrogates the site's alarm transmitter to 
provide detailed information about the alarm. The detailed information covers 
as many as 16 different alarms for a quadruple diversity troposcatter link to 
as few as 5 for a dual diversity line-of-sight microwave system without quality 
Monitors or power amplifiers. Table VII-I-1 specifies the alarms covered for 
each type of system. 


6. Automatic Performance and Quality Monitoring: 


In addition to the equipment failure alarm, link performance 
parameters will be monitored and alarmed by a Link Performance and Channel 


Quality Monitoring System. The monitor is made up of two subsystems, a voice 
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panel and a radio panel. The voice panel monitors and alarms the voice channel 
performance parameters of binary error rate, test tone stability, and idle 
channel noise. The radio panel monitors and alarms the radio performance paras 
meters of baseband loading and received signal intensity. 


One voice channel in the message multiplex, preferably the highest 
frequency or “top” channel, is required on each of the troposcatter and dif 
fraction paths to monitor the idle channel noise, digital error rate, and test 
tone stability for the alarm system. 


The voice panel is a full duplex terminal which utilizes a single 
multiplexed voice channel (300 to 3400) to transmit through the link and 
to monitor binary error rate, test tone stability, and idle channel noise. 
With the exception of the bit error rate, all performance parameters are con- 
tinuously recorded on integral strip charts, The binary errors are displayed 
on a front panel totaligzer counter. When the monitored parameters deviate 
beyond the adjustable preset degradation threshold, an alarm will be given and 
a visual display will be activated. 


The radio panel will monitor, continuously record, and alarm 
baseband loading and received signal intensity. When the adjustable preset 
degradation threshold of a monitored parameter has been exceeded, an alarm will 
be given and a visual display will be activated, 


Radio Panel: 
Receive Signal Intensity 


The voltage from the existing radio equipment signal intensity 
recorder is amplified and fed into the recorder. This recording chart's very 
low chart speed of 0.5 inches per hour will enable the operator to quickly 
observe performance over a 24 hour or longer period. The adjustable alarm 
threshold is set by a control on the front of the recorder. A time delay 
relay is used between the recorder and the alarm relay such that the threshold 
must be exceeded for thirty seconds before an alarm is indicated. 


Baseband Loading: 

The exciter output is monitored by this channel, 

Voice Panel: 

Idle Channel Noise 

The test voice channel is essentially terminated at the transmit 
terminal with the exception of a single high amplitude stability, 100 wpm VFCT 
channel inserted at 3.145 kHz, The receive test channel modem filters out the 
VFCT channel and furnishes to the idle channel noise monitor circuit the channel 


noise between 300 Hz and 2.1 kHz. This is then amplified and its average value 
detected and ap>lied to the recorder. 
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Test Tone Level: 


The transmitted VFCT carrier is used for both the binary error 
rate and the test tone level stability measurement. The transmit terminal 
incorporates an automatic level control which stabilizes the VFCT carrier 
output to within several tenths of a db. In the receiver section, the VFCT 
signal is filtered and applied to both the binary error rate and the test tone 
level stability circuitry. The recorder contains a dual adjustable threshold 
circuit such that an alarm will be sounded for test tone levels which are either 
above or below the desired value. 


Binary Error Rate: 


The binary error rate monitor provides a true real-time measure of 
link error rates, The transmit section generates a known pseudo random binary 
pattern at a 75 baud rate which is used to key the VFCT tone keyer. In the 
receiver section, the VFCT signal is demodulated in a tone receiver and the 
binary output is applied to an automatic error detection system incorporating 
automatic bit rate and pattern synchronization. 


7. Alarm Receiving Sites: 


It was already pointed out that the SOC at Tan Son Nhut is a 
receiving and monitoring site for the remote alarm system, At the SOC, the 
alarm signal will activate indicators on both the control console and the 
wall display, In addition to the SOC, there are alarm receivers at Pleiku 
which display the alarm signal on a-console only. Other than this, the operation 
is identical with that at the SOC. 


Figures VII-K-1, 2, 3 are reference material on the alarm and 
performance monitor equipment. 


VII ~ 96 


ll. 


12. 
13. 
14. 


15. 


1. 


2. 


36 


ALARM CONDITION 
Power Amplifier #1 low forward power 
re ve #2 we we we 
Exciter #1 low forward power 
ih #2 ee we ad 


Receiver #1 received pilot failure or high noise 


oe #2 we me i} we ee we 
ee #3 we i) ve ee re ih} 
w #4 wt * we " w it} 


Baseband failure 
Multiplex major alarm 


Reduction in the received signal intensity 
beyond a pre-set limit (severe long term fading) 


Variation in test tone beyond pre-set limit 
Idle channel noise above pre-set limits 
Digital error rate beyond pre-set limits 


Transmitter loading above pre-set limits 
(over deviation) 


CONFIGURATIONS: 


AN/FRC=39 or REL 2600 equipment, operating in quadruple diversity and 
equipped with quality monitors and power amplifiers, 


CONFIGURATIONS 
123 4 5 
x Xx 

x Xx 

x xX xX xX X 
x xX xX xX xX 
x xX xX XxX X 
x xX xX xX xX 
x 

x 

x xX xX X 

x XX x x x 
x x XX 

x Xx x 

x x X 

x x X 

x x XxX 


REL 2600 equipment, operating in dual diversity and equipped with 


quality monitors and power amplifiers, 


REL 2600 equipment, operating in dual diversity and equipped with 
quality monitors and not equipped with power amplifiers, 


REL 2600 equipment, operating in dual diversity and not equipped with 


quality monitors or power amplifiers, 


AN/FRC-109(V) equipment, operating in dual diversity and not equipped 


with quality monitors or power amplifiers. 


TABLE VII+I=1 ALARMS ASSOCIATED WITH VARIOUS CONFIGURATIONS 
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Fault Indicators 


REL Fault Indicators provide instan- 
taneous alarm, both visual and audible, of 
failures detectedin the various components 
of its associated radio equipment. Install- 
ed in radio stations the units provide opera- 
tors with an immediate indication that a 
fault has occured in the radio equipment. 

Fault indicators may be located in the 
radio room or at some remote central 
position in a station. In addition, opera- 
tional facilities allow further remoting by 
provision of additional relays in the equip- 
ment, in some cases. 

RELradio equipment, for both line-of- 
sight and tropospheric scatter communi- 
cations, is provided with dry contacts for 
critical and important functions. Should 
a fault occur, the contacts close and cir- 
cuitry within the REL Fault Indicator en- 
ables the information to be centrally ob- 
served. 

Normally, each Fauit Indicator handles 
the faults for two receivers, one exciter 
and one power amplifier. Two Fault In- 
dicators are provided for a quadruple di- 
versity station, but.it is possible for all 
faults to be displayed on one unit. 

Fault Indicators may be used in all 
classes of REL radio designs: 2300, 
2400, 2500 and 2600 Series equipments, 
encompassing 1, 10, 50 and 100 KW 
terminals. Each Fault Indicator is slight- 
ly different depending on the particular 
equipment configurations. If required, 
extra or spare positions may be supplied. 

Generally, a Fault Indicator consists 
of three basic sub-units: a display panel 
for visual presentation which also carries 
a bell for audible warning, a component 
mounting panel which contains the relays 
and capacitors to permit visual signal - 
ing and a bell-ringing impulse, and a 
power supply containing the appropriate 
transformers and rectifiers to provide 
D.C. and A.C. voltages. 

The Type 1099 Fault Indicator dis- 
played is a compact unit used in con- 
junction with REL's 2600 Series of so- 
lid-~state gear. In typical application, 
associated radio gear consists of one 10 
KW power amplifier, an exciter and two 
receivers. 

The Type 1099 Fault Indicator is housed 
inacabinet -type enclosure for mounting on 
a 19-inchrelay rack. The unit's overall 
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dimensions are approximately 10-1/2 inches 
high by 21 inches wide by 20 inches deep. 

The front panel contains 20 (amber) 
fault indicating lamps (including 2 spares), 
an alarm sounder, sounder and lamp re - 
set pushbuttons, a power circuit breaker, 
and a (white) power indicating lamp. The 
drawer -type front -panel-and-chassis pulls 


Compact Fauit indicator tor 
Special 10 kw Terminais 


out to allow access to-all electrical com- 
ponents. Each fault indicating lamp is 
associated with a specific failure. When 
a failure occurs the associated lampcomes 
on, and the alarm sounder is actuated. 


TYPICAL SPECIFICATIONS FOR A 10 KW UNIT 

INPUT VOLTAGE: 120 VAC+5%, 47 
to 63 cps, single 
phase, 180 VA 


maximum 
OPERATING Oto +45degrees 
TEMPERATURE: Centigrade 
RELATIVE HUMIDITY: 0 to 100% 
HEAT DISSIPATION: 650 BTU/HR 


(to air) 


Four indicator lamps are associated with 
the Exciter, seven with the 10 KW. Power 
Amplifier, three with the Power Amplifier 
Heat Exchanger, and three with the Re- 
ceivers (whose similar fault indications 
are connected in parallel). 
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1072 Terminal Facilities Bay 


REL's Type 1072 Termi- 
nal Facilities Bay constitutes 
a useful accessory to any 
tropospheric scatter system 
by providing a convenient in- 
terface between multiplex 
channeling equipment and the 
radio equipment. In addition, 
special patching facilities al- 
low for the performance of 
most operational and main- 
tenance testing. These in- 
clude selecting, combining, 
terminating, and monitoring 
one link of a diversity system. 

The terminal facility can 
be used in conjunction with 
a performance monitor to 
perform system checks or 
to provide a means of contin- 
uously monitoring the receiv- 
ed signal strength. 

Each terminal facility is 
slightly different depending 
upon the radio equipment such 
as the REL 2300, 2500, or 
2600 series, type of multi- 
plexusedand desired test fea-— 
tures. Any arrangement of 
facilities is available and the 
combination of equipment may 
be specifically built for each 
system. 

The terminal facility may 
be comprised of any or all of 
the following units: Terminal 
Panel, RF _ patching Panel, 
Dual Recorder Panel, Modu- 
lation Patching Panel, Hybrid 
Interconnect Panel, Order 
Wire Assembly Panel, Line 
Amplifiers and Loop Conver - 
ters. In addition to the above, 
a filing and writing shelf, 
drawer, test cords, head set 
and other accessories are 
provided. 


Terminal Panel: This provides 
the control circuitry for the 
Order Wire assembly and 
Dual Recorder. Power 
switches with indicating lamps 
are provided for the main 
power circuitry. 


RF Patching Panel: This pro- 
vides points for RF sampling 
in the exciters, power ampli- 


fiers and receivers. This 


permits test conections to the 
system via this panelas well 
as providing monitoring facil- 
ities for the RF. 


Dual Recorder Panel: This 
providesfor the permanent re- 
cord of received signal strength 
of an individual receiver and 
the combined signal strength. 
A time constant selector switch 
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is available to permit 0,1,1.0 
or 10.00 second time constant. 
All REL receivers are provid- 
ed with a signal strength re- 
corder output jack. 


Modulation Patching Panel: 
This provides for patching the 
exciter and receiver order 
wire and traffic basebands. 
Proper terminations are pro- 
vided and measurements of 
levels may be made. Spare 
jacks are provided to allow 
special patching facilities as 
required in the field. 


Hybrid Interconnect Panel: 
This provides the correct 
arrangement of hybrids to in- 
terconnect the carrier multi- 
plex and order wire equipment 
to the exciters and receivers. 
Correctimpedancesare main- 
tained. 


Order Wire Assembly: This 
provides for voice communi- 
cation over the radio service 
channel. Signalling is pro- 
vided together with allfilter- 
ing and bridging networks. A 
separate amplifier and loud- 
speaker is provided. A head 
set is included. 


Line Amplifier: In those cases 
where the carrier multiplex 
and radio levels may not be 
compatible a transistorized 
line amplifier is provided. 
This is extremely linear with 
a very flat response. Nor- 
mally, two such amplifiers 
are provided in one small 
panel, 


Loop Converter: This pro- 
vides for convertingthe trans- 
mitted RF signal to the re- 
ceived RF signal. This per- 
mits local loop testing of a 
complete system. 


Overal dimensions of a 
fully equipped facility are: 
height -- 72 inches, width-- 
21 inches, depth -- 18 1/2 
inches, weight -- 480 pounds. 
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Performance Monitors 


REL Performance Monitors constitute 
completely integrated test facilities for 
checking the performance characteristics 
of tropospheric scatter radio systems. As 
a unique collection of special test equipment, 
Performance Monitors offer maximum flex- 
ibility for both in-serviceand out-of-service 
tests through self-contained substitution 
and measurement tests. 

Mounted in standard relay rack cabinets 
in either one, two, or three bay config- 
urations, REL Performance Monitors are 
optional customer items. Available in 
every series of REL tropo radio sets, 
they are specifically designed as to fre- 
quency requirements and channel capacity. 

Performance Monitors serve two main 
functions by providing frequency conver- 
sion facilities and test facilities not nor- 
mally available from standard test equip- 
ment. In everyday practical use, Per- 
formance Monitors are utilized for in- 
service-tests while tropo equipment is 
operating and carrying traffic, and in out- 
of-service tests when equipment has been 
removed from service and is not carrying 
traffic. Under these two basic categories, 
mest prevalent testing consists of three 
tone intermodulation distortion tests and 
full baseband noise loading intermodulation 
distortion measurements, respectively. 

Special test units provided by Per- 
iorsvance Monitors for typical application 
consist in part of: Monitor Converters 
{convert transmitting RF signals to receiv- 
ing RF signals or IF signals), Test Con- 
verters {convert IF signals to receiving 
RF signals), Three Tone Generators and 


BRIOGE 
CONNECTION 
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Typical Two Bay Configuration 


Analyzers (permit intermodulation tests 
without interrupting service), Noise Gen~ 
erators for out-of-service intermodulation 
tests), Noise Analyzers (measure _inter- 
modulation at receiver output), Carrier 
Zero Test Receivers and Oscillators, High 
Frequency and Low Frequency Modulators, 
Demodulators, Baseband Oscillators (pro- 
vice baseband frequency for modulation 
deviation test and frequency response level 
measurements), Baseband Voltmeters, 70 
megacycle Attenuators, dnd _ Patching 
facilities. 


BRIOGE 
CONNECTION 
' 


Block Diagram Showing FM Deviation Measurement 
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J. Test Equipment: 


The variety and quantity of pieces of test equipment installed 
in a EE building is astounding. There are over 199 different types 
of test equipment in the ICS. The total quantity to be supplied for — 
Phase I and II sites only is 4718. This is an average of 132 items 
per site — certainly a formidable capability. 


However, test equipment that is malfunctioning or out of 
calibration is valueless and may create a great deal of trouble. 
The maintenance of the special types of equipment found in the ICS 


_ has been, and will surely continue to be, a problem. Calibration 


services are provided by Field Calibration Teams from Okinawa. 
The proper and efficient operation of the ICS stations requires 


operating test equipment. Experience in the past indicates that 
this should be an area given close supervision, 
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K. {CS Power Systems: 


If there is one feature of each {CS site that is not uniform for all 
sites, it is probably the primary ac power supply. There are several combina- 
tions found: some with all [CS generators, others having {CS generators 
only for emergency back-up, etc. The one feature that is common to all sites 
is the use of a dc system to power a portion of the equipment. 


1. DC Equipment: 

The 48 volt dc power source is furnished by several banks of 
high-capacity storage batteries which are continually on “floating charge" 
from the station rectifiers. The dc equipment is connected directly across 
the batteries; therefore, any interruption in the rectifier output will not 
affect the operation of the equipment. The equipment that is connected to the 
dc system is: 

a. Microwave Radio Terminals. 

b. Order Wire and Alarm Systems. 

Ce Voice Frequency Multiplex Terminals. 

d. All Conditioning Equipment in the Technical Control Area, 

2. AC Equipment: 

As stated above, the primary ac source may be either {CS or 
Some generator; however, all sites, except for those having no tropo terminals, 
have {CS emergency back-up generators which are installed and controlled so 
as to minimize power outages, The equipment that is ac powered is: 

a, Tropo Radio Terminals, 

b. Voice Frequency Carrier Telegraph Terminals, 

c. Test Equipment. 

d. Lighting (emergency lighting provided by battery units) 

e. Air conditioning (not powered under emergency conditions). 

3. Split-Bus Operation: 

Where it has been possible to do so, the ac equipment has been 
installed on a “split bus" (Figure VII-K-1). The ac equipment is arranged 
So that redundant equipment, such as the two transmitters in a tropo terminal, 
is “split” between the two power buses. When one generetor fails, the system 
is degraded, but not completely down while another generator is started. The 


other feature of the systems is the ability to combine the two buses if both 
generators on one bus fail. 
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VIII. TACTICAL EQUIPMENT 
The primary reason for covering tactical equinment in this-text is 
to provide the information required to properly interface it with the 
1CS fixed-plant facilities. For this reason, in the discussion of the 
tactical items, emphasis is placed on their interface snecifications. 


The following items of "tactical" or "transportable" equipment are 
covered : 


Radio 
AN/GRC-50 
AN/TRC=2), 
AN/TRC=29 
VF MUX 
AN/TCC-=3 
AN/TCC-7 
AN/TCC-13 
VFCT 
AN/TCC-20 
AN/TCC-4, 
TH-5 
Signalling 
TA-182_ 
Modified TA-182 (Tics) 
Technical Control 
AN/MSQ-73 
Circuit Control Facilities 
SB-611/MRC 
SB-675/MSC 
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Tropo Systems 
AN/THC-60 
AN/TRC-90, AN/TRC-90B 
AN/TRC-97, AN/TRC~97A 
AN/TRC~129 
AN/TRC~132 
FCM (Pulse Code Modulation) Equipment 
A. AN/GRC~50, RaDIC SET 
The AN/GRC-50 (V) is a transportable, VHF, radio set. It may be 
used with 4- 12-, or 24- channel TDK equipment to provide telerhone, 
teletyrewriter, data or facsimile circuits. 
TECHNICAL CHaRaCTrRISTICS: 
Configurations: 
AN/GRC-50 (V) 1: Low and high band. 
AN/GRC-50 (V) 2: High band only. 
AN/GRC-50 (V) 3: Low band only. 
AN/GRC~50 (V) &: High band only (has additional xmtr and rerv). 
AN/GRC-50 (V) 5: Low band only (has additicnal xmtr and revr). 
Frequency range: 
Low Band: 601.5-999.5 mHz (400 channel in 1.0 mHz steps). 
High Band: 1350.5-1849.5 mHz (500 channel in 1.0 mz steys). 
Baseband: 240 kHz (250 to 24@,000 Hz). 
Input devices: 
AN/TCC-3 (FDM); aN/TCC-7 (FDM); TD-202/U (TDM-FCM): 


Flanning range (KM): 40 to 48. 
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B. AN/TRC RADIO SET 
The AN/TRC-24 is a transportable, VHF-UHF radio set. Configurations 
of the AN/TRC-24 are normally used in conjunction with Terminals, Telephone 
AN/TCC-3 (4=channel) and AN/TCC-7 (12-channel). 
TECHNICAL CHARACTiXISTIUS: 
Frequency range: 
A Band: 50 = 100 mHz (200 channel in 0.25 mHz steps). 
B Band: 100 = 225 mHz (250 channel in 0.5 mHz steps). 
C Band: 225 = 400 mHz (175 channel in 1.0 mHz steps). 
D Band: 400 = 600 mHz (133 channel in 1.5 mHz steps). 
F Band: 790 = 925 mHz (350 channel in 0.5 mHz steps). 
J Band: 1,350 = 1,875 mHz (1,350 channel in 0.25 mHz steps). 
Baseband: 
68 kHz (250 to 68,000 Hz) 
108 kHz (250 to 108,000 Hz, B Model only) 
Input devices: 
AN/TCC=3 (FOM); AN/TCC-7 (FDM). 
Planning range (KM): 40 to 48. 
C. AN/TRCR29, RADIO SET 
The AN/TRC-29 is line-of-sight, VHF, Microwave terminal mounted in 
field transportable cases. The AN/TRC=-29 is capable of handling the 
following signals: 
Time Division Multiplex (TUM) 
Frequency Division Multiplex (FUM) 
Television 


Radar 
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At the present time, here in Vietnam, the only multiplex equipment 
in use is the TDM terminal, AN/TCC-13; however, there are plans to use 


a special modulator to provide 4 wideband (50 kHz) secure voice channels 


over the AN/TKC-29, 
TECHNICAL CHARACTERISTICS: 
Frequency range: 
1700 to 2400 mHz (27 RF channels, 25 mHz apart) 
Baseband: 30 Hz to 4.5 mHz. 


Baseband Input Requirements: 


Impedance | 50 ohn 
Frequency 30 Hz to 4.5 dbm 
Level -3 to +7 dbm 
Antenna; 
Type Horn fed Parabolic Reflector 
Size 3 foot diameter 
Gain . 30 db 


Planning range (km): 40 to 4g. 


TALePHONE Cannlar TarbiNaL 


The AN/TCC Telephone Carrier Terminal is effectively one third of 
and AN/TCC-7 Telephone Carrier Terminals however, it provides only four 
(300-3,500 Hz) voice channels or one (16kHz) snecial service channel, 


In addition to the four voice channels a separate voice orderwire, 
with 1600 Hz ringing facilities, is provided. 


The interface requirements for the AN/TCC-3 are the same as those 
for the av/TCC-7. 


Vids) 


(1) The AN/TCC-7 system provides 12 telephone carrier channels 
over a single nonloaded spiral-four cable and/or radio links, such as 
AN/GRC-50 er AN/TRC-24, for distances up to 200 miles. Facilities are 
provided for replacement of all or a portion of the 12 telephone carrier 
channels by broad-band special service circuits in 3 frequency ranges. 
The communication channels available for simultaneous use are listed in 


the table below. 


(2) An order wire circuit is provided in addition to the above 
listed communication circuits, 


(3) The message channels (or the special service channels used 
in their place) are translated to a band of 12 to 60 khz for transmission 


over the cable or radio links, 


(veice-frequency) range. 


2. Technical Characteristics. 


a. Message Channels. 


Number 
Frequency band 
Impedance 


Levels: 


Operation 


2-wire 
4-wire 


12 
300 to 3, 
600 ohms 


Input to 


AN/TCC-7 terminal 


O db 
-l, db 


500 Hz 


Output from 


AN/TCC-7_ terminal 


~3 db 
+1 db 


The order wire circuit operates in the VF 


System net 
loss or gain 


3 db loss 
5 db gain 


NOTE: The level at any point in a system is defined as the 
gain (or loss) in db from some reference point to a 
point under consideration. 
the 2-wire message channel transmitting input is the 
reference point (Odb level) 


b. Special Service Channels. 


Level: 


Frequency band kHz No. of channels 


4 to 20 
12 te 60 
60 to 108 


3 
1 
1 


In the AN/TCC-7 system, 


Input to Output fren 
AN/TCC-7 AN/TCC-7 Impedance 
terminal (db) terminal (db) (ohms ) 
(@) (0) 600 
) -2 135 
(0) -5 135 
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c, Order Wire, 


Frequency range 300 to 1,700 Hz 
Signalling frequency 1,600 Hz 
Transmitting level te cable +20 db max 
Transmitting level to radio +10 db 

2<wire extension te centrel board: 

Impedance 600 ohms 
Transmitting level O db 

Receiving level 12 db 


3. Modulation Plan and Frequency Allocation 


Although the AN/TCC-7 produces a 12-channel GROUP in the standard 
frequency band (60-108 khz), it does this in a manner somewhat different 
from that used in the AN/FCC-17. This two-step procedure can best to de- 
scribed by referring te Figure VIII-l. First, 4-channel SUB-GROUPS are 
formed in each of the three CHANNEL MODEMS. Then these 3 SUB-GROUPS are 
combined into one 12-channel GROUP in the standard GROUP frequency band 
60-108 khz. Finally the GROUP is translated to the frequency range 12-60 
khz and an order wire signal is added to produce the output signal. 


Since the frequency ranges are identical (60-108 khz), the 12- 
channel of the AN/TCC-7 could be used as a thru-group on the AN/FCC-17; 
however, it would be necessary to have an AN/TCC-7 at the distant end 
to demodulate the signal because of the incompatibility of the inverted 
and erect channels. If the AN/FCC-17 channel multiplex was used, it would 
be possible to recover only every other channel, the even numbered ones. 


F. AN/TCC-13, MULTIPLEXER SET 


The AN/TCC-13 multiplexer in a pulse position modulation (PPM) terminal. 
It is the principle multiplexer used with the AN/TRC-29 radio set. 


TSCHNICAL CHARACTERISTICS s 


Type of modulation Pulse positien 
Type of multiplexing Time division 


Audio channel: 


Band With 300 to 3500 Hz 

Signalling 20 Hz on subscriber loops. Signal is 
transmitted over system by "blanking" 
the pulse for the channel ("drop-channel 
signalling") 
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2-wire operation: 


Input level O dbm 
Output level =-3 dbm 


kewire operation: 


Input level -4, dbm 
Output level O dbn 


Number of channels: 


One AN/TCC=13 provides 23 audio channels; however, it is possible 
to "Slave" another AN/TCC-13 to the master to provide an additional 22 
channels. 


A major cause of excess noise in AN/TCC=13 (an/rrc-29) systems here 
in Vietnam is excessively high input levels on the audio channels. Often, 
it has been found that the input level to a 4-wire channel has been set 
at O dbm. If this is done for all 45 channels, there is a significant 
decrease in the signal-to-noise ratio in each channel. 


G. AN/TCC AN/ TCC: TELEGRAPH Ter MINALS 
1. GENERAL INFORMATION 


The AN/TCC=24 and AN/TCC-20 provide high-speed (up to 100 wpm), 
half or full-duplex, frequency shift, carrier telegraph circuits within 
a voice frequency band of 300 = 3,100 Hz and over two-or four-wire 
circuits. The basic AN/TCC+, provides an 8-channel system. Alternate 
arrangements of the equipment are described below. These terminals pro- 
vide for either a voice frequency or a direct current type of loop circuit 
operation. The major components of the AN/TCC-, are: 


1 each Telegraph Modem TH-14/T (49 lbs) 
2 each Telegraph Terminal Group TH=13/T (104 lbs) 
2 each Telegraph Modem Assembly TH=15/T (82 lbs). 


NOTE: The AN/TCC-20 is an AN/TCC-4 less the TH-14/T 
2, TS&CHNICAL CHARACTEXISTICS 
Loop arrangements: 
2w - vf - HDX; 
hw = vf - FOX; 


hw - dc - Neutral FDX; 
hw - dc - TANDEM - Neutral FDX. 
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Loop signals 


Vf: Mark = = 1,325 Hz 
Space = = 1,225 Hz 


De: Mark = — 20 ma de 
Space = - 0 ma de 


Loop receiving sensitivity (vf): 0 dbm to -40 dbm. 


Ringing in vf loop circuits: 


20 Hz, 115v from terminal to loop; 
20 Hz, 90v from loop to terminal. 


Signalling in line circuits: 


Channel space frequency operated two seconds minimun. 


Break in one half-duplex operations: 


Channel space frequency operated two seconds minimum. 


Transmission level to line: 


O dbm (adjustable depending on number of channel). 


3. Equipment Arrangements: 


Channels re Transmission facility 
(HDX or PDK} (Carrier channel or Physical wire line) 


k Four-wire 
4 Two-wire 
8 Four-wire 
g Two-wire 
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Components 


required 


ea 
ea 
ea 


ea 
e 
ea 


> 


e 
ea 
ea 


> 


e 
ea 
ea 
ea 


ret) 


TH-13/T; 
TH-15/T. 
AN/TCC-20) 


TH-13/T; 
TH=15/T. 
AN/TCC-20) 


TH=13/T; 
TH-15/T. 
AN/TCC~20's) 


TH=-14/T; 
TH=13/T; 
TH=15/T. 
AN/TCC-4,) 


12 Four-wire 


16 Four-wire 


H. TH-5/TG, TELEGRAPH TERMINAL 


2 ea TH-14/T; 

3 ea TH-13/T; 

3 ea TH-15/T. 
(one each AN/TCC=4 and 
one each AN/TCC-20) 


1 ea TH-14/T; 
ea TH=13/T; 
L ea TH-15/T. 
(two each AN/TCC-4,'s) 


Telegraph Terminal TH-5/TG is used between teletype stations to provide 
teletypewriter transmissions over facilities which will not pass direct 
current. For transmitting, the neutral Mark and Space signals from the 
teletypewriter are converted to 1325 and 1225 Hz, respectively. The re- 
ceived VF signals are reconverted to the corresponding neutral de signals. 
The TH-5/TG also provides for connection of a local battery field telephone. 
Telephone and telegraph transmission, however, cannot be simultaneous without 


additional equipment (F98 filter). 


Circuit Application: 
Transmission Speed: 
Type of Modulation: 
Impedance (at 1000 Hz): 
Output level: 
Sensitivity: 

Jack Current: 


Distortion: 
Transmission Frequencies: 


Either 2-wire or 4-wire 

60, 75, or 100 wpm 

Frequency shift 

600 ohms input and output 

O dbm +2 

VF signals -50 dom; ringing 90v, 20Hz 
14.85 to.15 ma send, 19 to 23 ma 
receive 

5% maximum send and receive 

1325 +2 Hz Mark, 1225 +2 Hz Space, 
20 Hz ring (break) 


I. TA-182, CONVERTER, TELEGRAPH - TELEPHONE 


The TA-182 is used to provide in-band signalling over the tactical 
carrier equipment. It combines the operation of two pieces of fixed-plant 
equipment into one unit, SF Unit and Ring-Down Converter, 


The telephone signalling frequency of the TA-182 is 1600 Hz. It is to 
provide compatibility with the TA-182 that 1600 Hz SF Units were installed 
in the {CS ; poneNee the tone output of the standard TA-182 is so high that 


it over-drives the 


CS signalling unit causing signalling problems. A 


modification program for the TA-182 has been initiated here in Vietnam to 
correct this problem (refer to Paragraph J). 
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TECHNICAL CHARACTERISTICS: 


J. 


merely changing three resistors in the unit. 
level, all other characteristics remained unchanged. 


Prequency of telegraph signalling: 1,225 Hz 
Frequency of telephone signalling: 1,600 Hz 
Loop signal input: 20 Hz 

20 Hz output level to line: 1000 volts 
Output level to line: O dbm +2 db 


Receiver sensitivity on line side: 
Sensitivity on loop side: 


TaA-182, (!CS MODIFIED) 


Lows <-25 dba; 
Highs -45 dbm 
25 volts 


The TA-182 has been modified for use on DCS circuits that traverse 
the [CS by lowering the output level of the 1600 Hz tone. This required 


TECHNICAL CHARACTERISTICS: 


Aside from the output tone 


Frequency of telegraph signalling: 1,225 Hz 
Frequency of telephone signalling: 1,600 Hz 
Loop signal input: 20 Hz 

20 cps output level to loop: 100 volts 


Output level to line: 
Receiver sensitivity on line side: 


Sensitivity on loop side: 


-10 dbm +2 db 

Lows 25 dbm; 
Highs <-45 dbm 
25 volts 


Instructions have been issued by the USARV AC/S C-B to modify all 
TA-182's in Vietnam; however, there appear to still be a large number of 


unmodified units in use. 
K. AN — COMMUNICATIONS TECHNICAL CONTROL CENTER 


1. Purpose. The AN/MSQ-73 technical control van is an air-transportable 
communications technical control center used to patch, monitor, and test 
voice and teletypewriter circuits. The floor plan of the van is shown in 
Figure VIII-2, 


2. Voice Circuits. Voice circuits from telephone subscriber equipment 
telephone central offices, and multiplexer equipment can be interfaced at 
the technical control van. The Following equipments are examples of multi- 
plexer sets which can be connected through the technical control van: AN/TCC-3, 
AN/TCC-7, AN/TCC-13, Collins MX-106 (used in transportable tropo systems), 
and Lenkurt 45BX3. The technical control provides equipments for 2-and 
4-wire 
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20 Hz signalling, 2-and 4-wire E and M signalling and dial loop signalling. 
Interfacing equipment provides compatible operation for voice and ringing 
Signals between 2-wire and 4-wire communication equipment. Examples of 
the typical modes of VF operation which my be interfaced are as follows: 


3. 


technical control van. 


a. Two-or four-wire ringdown to multiplexer 
b. Two-wire E and M or dial to mltiplexer 
c. Multiplexer to multiplexer with compatible or incompatible 
signalling. 


Telety pewriter Circuits. DC and voice-frequency (VF) teletype- 
writer circuits from single or multichannel lines can interface at the 


to interconnect 20 ma and 60 m lines. 
channel demodulators are provided to check any of the multiplexer channels 
by means of teletypewriter monitor and test equipment. A block diagram 
of the DC operation is shown in Figure VIII-3, UC patching and cross-= 
connect arrangements are shown in Figure VIII1-4. 


4. 


De 


6. 
7. 
8. 


DC teletypewriter signal converters are provided 
Voice=frequency telegraph (VFTG) 


Test Equipment. All lines and signals which are connected through 
the van can be checked by test equipment which is included as part of the 
van. Up to 12 channels of a multiplexer VFTG composite signal can be de=- 
modulated, tested and analyzed by the test equipment. 


Circuit Capacity: 


VF L-wire 
VF 2-wire 
DC teletype 4-wire 


Patching Levels: 
Multiplexer channel signalling: 
Equipment installed: 


VF Attenuators 

VF Amplifiers 

Ringdown Converter 

Hybrid 2W/4W Terminating Units 
1600 Hz SF Units 

2600 Hz SF Units 

Loop to E&M Converter 

DC Isolation Relays 
Repeating Coils 

Pulse Link Repeaters 
Teletypewriter Site AN/FGC-69 
Telegraph Terminal AN/FUC=19 
Test Equipment 
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120 circuits 
96 lines 
120 lines 

-2 dbm 


1600 Hz and 2600 Hz. 


Assorted 


L $8 MRC, COMMUNICATIONS PATCHING PANEL 


1. Purpose. The SB-611/MRC is an air-or vehicular-transportable 
circuit control facility which permits patching (routing and re-routing), 
testing in both directions, and monitoring telephone, vf and de teletype- 
writer circuits. 


2. Capabilities. The SB-611/MRC provides facilities for connection 
of forty-six 26-pair cables, two spare 26=-pair cables, and eighteen field 


wire pairs. It contains facilities for terminating and patching 528 lines, 


and for terminating and switching 12 circuits. Twelve hybrids are pro= 
vided for converting 2-wire circuits to 4-wire circuits. A functional 
diagram is shown in Figure VII11-5, 


3. Major Components: 


3-Bay Patch Panel 

Manual Telephone Switchboard SB=22A/PT 
Telegraph Terminal TH-5/TG 

Telephone Set TA=-312/PT 
Teletypewriter Set TT-44/TG 
Generator, Static Ringing TA-248/TT 


M. SB-675/MSC, COmMUNICATIONS PATCHING PANEL 


1. Purpose. The SB-675/MSC is an air-or vehicular-transportable 
circuit control facility which permits patching, testing and monitoring 
of telephone, vf and de teletypewriter and system control (telephone and 
intercommnication) circuits. 


2. Capabilities. The SB-675/MSC permits connection of thirty-six 
26-pair cables and twenty-field wire pairs to the patching panel. Twelve 
of the field wire pairs appear on jacks on the patching panel, and twelve 
field wire pairs are terminated on line appearances on an SB=-22/PT. A 
total of approximtely 400 2-wire and 200 4-wire circuits may be patched. 


Hybrids are provided for converting 2-wire and 4-wire circuits. A functional 


diagram of the SB-675 is shown in Figure VII1-6, 
3. Major Components: 


3-Position Patch Panel 

Manual Telephone Switchboard SB-22A/PT 
Telegraph Terminal TH5/TG 

Telephone Set TA=-312/PT 
Teletypewriter Set TT-4A/TG 

Test Set TS-140/PCM* 

Generator, Static Ringing TA-248/TT 


Oe BO ee) 


*(Ineludes DB Meter ME-22A/PCM and Sig Gen SG-15A/PCM) 
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N. AN/TRCO RAD1O_ SBT 


A tropospheric scatter and line of sight radio relay equipment capable 
of transmitting 60 voice channels over single hops up to approximately 100 
nautical miles and tandem hops to system lengths of approximately 1000 miles. 
The radio set is packaged in equipment shelters capable of being transported 
by truck, cargo plane or helicopter. Power output 1 KW. 


System uses the AN/FCC-17 multiplex terminal equipment. 


O. AN/TRCO-66A RADIO SiT 


A highly transvortable tropospheric scatter ratio set capable of operating 
either as a single or dual line-of-sight terminal, line-of-sight relay or a 
quadruple diversity scatter terminal or relay. 6 channels. 1 KW mximum 
power output in the 4400 to 5000 MC frequency range. Transportable by land 
or air (including helicopter). 100 nautical mile single hops or 1000 nautical 
miles in tandem. 


System uses the AN/FCC-17 multiplex terminal equipment. 
P, AN/TROW RADIO TiekMiNAL SET 
1. General 


The AN/TRC-90 series was developed from existing types of equipment; 
the MX-106 was a standard configuration of a 600 channel radiotelephone 
frequency division multiplexing terminal; the AN/TKC-80 terminal which was 
designed for a single speech plus circuit on a dual-diversity tropo system 
for use on missile ranges; and a modification of the Northern Radio Company 
(NRC )-235, which is a 16 channel voice frequency carrier teleprarvh (VFCT), 


The THC-90 is a dual-diversity (space) tropospheric scatter radio term- 
inal with 24 voice frequency (vf) channels, 16 teletype (tty) channels, and 
a speech plus service channel. 


The transmitter is a 1 kilowatt frequency modulated unit operated in 
the 4.4 to 5.0 gHz range with a 15 foot parabolic antenna which offers a 
nominal 45 db gain factor, 


The two receivers are dual-conversion super-hetrodyne FM types operating 
in combining dual-diversity. The original receiver front ends have been 
changed from a three cavity to a four cavity preselector am a tunnel diode 
amplifier has been added resulting in better sensitivity, selectivity, and 
signal-to-noise ratio. 
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The multiplexing equipment (mux) is of the three step (channel), 
basegroup, and supergroup), 24 channel, frequency division multiplexing yy 
type utilizing the lower sideband in all modulation processes, There are 
two or four wire terminating options en all channels, though originally 
it was available only on Basegroup 4. There are no internal ringing fa- 
cilities. Ringing is accomplished with externally wired TA-182 type con- 
verters, An order wire channel that is capable of simultaneous transmission 
and reception of voice or TTY signals is also available, 


The voice frequency teletype terminal is a 16 channel frequency 
shift keying type. It has the keying line options of neutral 20 er 60 
milliamperes (ma), or polar 20 or 30 ma with the battery being supplied 
by the VFCT or by an external seurce, 


There is a 32RS1 single sideband transceiver included as an integral 
part of the van which is utilized to establish initial communications and 
for emergency purposes. The unit is a 4 channel crystal controlled 
pretuned device using 455 kHz lower sideband selection for transmit and 
receive functions. The operating range is 2 te 15 mHz with a 100 watt 
peak envelope power rating. A shelter mounted 32 foot vertical whip antenna 
is provided for the HF transceiver system, 


Two air inflatable parabolic reflecter antennas and transportable 
tewers are stewed within the equipment shelter for transit, and the set 
can be transported by truck, helicopter, or fixed wing aircraft, A trailer 
mounted diesel engine ac power generator (PU-402/M) is used te supply 208 v 
at 15 kva primary power for the communication terminal, Radio Terminal Set 
AN/TRC-90 can be set up by a team of six trained men in approximately 6 
hours after arrival at a suitable site location. Interior layout is shown a 
in Figures VIII -7 and -8, ) 


2. Technical Characteristics 
Transmitter 
Frequency Range: 4100 to 5000 mHz 
Type of Transmission: FM 
Pewer Output: 1 kw 
Radie Channels: 333 discrete transmit and receive 
channels in the 4400.8 te 4998.4 mHz 
band with 1.8 mHz channel separation. 
Voice Channel Capacity: One order wire channel, full duplex 
teletype or voice channel; or, one 
1, kHz order wire channel and twelve 
lL, KHz voice channels with channel 


No. 12 normally utilized te handle 
16 full duplex narrowband FSK teletype 
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channels (+42.5 Hz); or, one 4 kHz 
order wire channel and twenty-four 
4, kHz voice channels with one of 
Them used to handle 16 teletype 
signals (modulation Plan shown in 
Figure VIII-9) 


HF Capability: One 100 watt SSB transceiver with 4 
switch selected crystal controlled 
frequencies in the 2.5 to 12,0 mHz 
range. 


Hybrids: 2-wire/L-wire termination units are 
provided for all channels. 


DC Jacks: Jacks for 16 TTY loops with one set 
jack and two leoping jacks for each 
channel; jacks for AN/FGC-25X and 
loop current meter are provided, 


Multiplexing: FOM 
Standard Channel 400 to 3000 Hz +1.0 db, -1.0 db 
Amplitude 300 to 2400 Hz +1.0 db, -2.0 db 


Frequency Response 
Terminal to Terminal 
(Channel Modem): 

VF Termination Impedance: 


2 wire: 600 or 900 ems 
4 wire: 600 ohms 


VF Levels Transmit: 


wire: -16 dbm (-13 dbm available) 
2 wire: O dbm 


VF Levels Receive: 


L-wire: +7 dbm (+24 dbm available) 
2-wire -3 dbm nominal 
Signalling Provided externally 


Q. AN/TRC-90A, RADIO TERMINAL SET 


1. General 
There is no major difference in the radio frequency (rf) portion 


of this terminal. There has been a 2300 Hz signalling function added to 
the speech plus service channels. The front end of the receivers have again 


VIII - 15 


been changed te the four cavity tunnel diede, amplifier type. The 
antenna has been changed to a four section 10 feot parabolic dish type. 
The nominal gain of the antenna is 35 db. 


The mux terminals are mounted in swing out racks which allews 
easier cleaning, maintenance, and faster troubleshooting. The jackfeilds 
have been changed to an ‘in-line’ configuration to make the operation 
simplier and faster, The ringing function is integrated inte the ter- 
minal's termination unit with a 1600 over 20 Hz ringing mode, 


The VFCT jackfield has an added Line Lift jack which facilitates 
troubleshooting and allows for altrouting around bad cable and/or bad 
equipment. A fuse has been added in all the direct current loops. 


Pi filters have been added in the vf and de signal entry pannels 
offering both protection and cable noise suppression. 


The 32RS1 has been replaced by the battery operated AN/PRC-47 
single sideband high frequency (2-12 mEz) transceiver. 


The air conditioner has also been changed. 


The two antennas are sectionalized metal parabolic reflectors 
10 feet in diameter. Each antenna is mounted with its center 15 feet 
above the ground on a sectional tubular mast. (10-foot mast extension 
sets may be ordered separately if required). Bipolarized feedhom permits 
using one of the antennas for transmission and reception simultaneously. 
15-foot sections of low-loss flexible waveguide are provided. 


2. Technical Characteristics: 


The same as the AN/TRC-90 except that 1600/20 Hz signalling 
units are provided internally. 


OB, RADIO TERMINAL SET 


The RF portion of this equipment has undergone some major changes. 
The Frequency Synthesizer, which is the operating frequency determining 
device, has been completely transistorized giving higher reliability, 
stability, and accuracy. 


The receivers have the four cavity tunnel diode amplifier front ends 
as standard equipment. The IF has been increased from & to 10 mHz to 
allow for a broader baseband (more channels). The IF unit has also been 
transistorized and both receiver IFs are now incorporated into the single 
Dual IF Unit. 
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The FM modulator has been transistorized mking it more compact, 
stable, and reliable. 


The antenna is a 29 foot mesh 12 section parabolic with a nominal 
gain factor of 55 db. 


The mux has several changes. The terminating and ringing facilities 
for each channel have been separated into two units. The option of 2600 
or 1600 Hz is now available with either AC ring or an E&M line, 


Redundant amplifiers have been added at the basegroup level, along 
with Basegroup Demod Regulators, which means more stability, higher re- 
liability, and better channel signal-to-noise level, 


The VFCT's unused diversity option on the receive side has been 
removed allowing a much more compact terminal. The keying on the even 
numbered channels has been ‘inverted! to make the equipment compatable 
with the FGC-60, FGC-61, FGC-61A, FGC-61B, FCC-19, FCC-20 and several other 
VFCT's, 


The 90B has an option of 24 or 48 vf channels and dual - or quad- 
diversity when integrated with another 90B or 129 van. The 48 channel 
operation is accomplished with one interconnecting cable and the changing 
of the Basegroup Carrier Selector for both of the basegroups in the aux- 
iliary van and the setting of two mode switches in each van. The quad- 
diversity option requires two cables and the moving of the two receiver 
combiners from the Auxiliary van's Dual If Unit to the FM Modulator in the 
Main van. Also the Diversity mode switch has to be set in the Main van. 


Ay TnOPOSCATT aR AADLO ieLaY SET: 


1. General 


A completely solid state (except for klystron) transportable radio 
terminal providing tunable microwave. diffraction, or tropospheric scatter 
communications in the 4400 to 5000 mHz frequency range. Fully militarized 
and designed for full duplex multi-channel voice, data, or teletype. Output 
power: 1 KW for Tropo & 1 watt for line-of-sight. 12 or 24 VF channels 
available, 1300 RF channels in 432kHz increments. 16 teletype chamnels on 
any one VF channel. 


The set is transported on one M-37, 3/4 ton truck in an S~308 shelter. 


2. System Characteristics: 


AN/TRC-97 AN/TRC~97A 
Frequency Range 44,00—5000MG 
Transmitter Power 1 Watt Exciter; 100- 


1000 Watts with P. A. 
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AN/TRO~97. AN/TRC-97A 


Number of RF Channels 1200 

Diversity Dual Space 

Modulation ™M 

Multiplex Type PDM 

Multiplex Baseband 12-60 kHz 12-108 KAz 

Voice Channels 12 2h 

Teletype Channels 16 (In any VF 16 (In VP 
Channel) Channel) 

Shelter Type S-308 S-308 

Shelter Weight 1655 lbs 1875 lbs 

Trailer Type M-101 M-101 

Generator Set Diesel Engine Gas Turbine 


3. Multiplexers: 


VOICE: The voice channel multiplexer AN/GCC-5 combines 12, kHz 
nominal voice channels into one basic group at a line baseband frequency 
spectrum of 12-60 kHz for use in the AN/TRC-97. The AN/TRC-97A multiplexer, ) 
AN/GCC-6, stacks two 12 channel groups at a line baseband frequency spectrum ; 
of 12-108 kHz. 


A patch panel is included for loop testing, monitoring and for 
teletype channel insertion and extraction in any voice channel. 


The AN/TRC-97 Voice Multiplexer uses a twin sideband modulation 
plan while the AN/TRC-97A Multiplexer provides both inverted and twin 
sideband modulation plans either being selectable by an internal switch. 

TELETYPE: The teletype multiplexer is compatible on the loop 


side with the TH-5/TG TTY converted and combines up to 16 TIY channels into 
a single voice channel frequency band. 


MULTIPLEX CHARACTERISTICS 
VOICE CHANNEL MULTIPLEXER AN/TRC-97 AN/TRC-97A 


Ne. of Voice channels 12 24 
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Line Frequency Allocation 
Modulation Plan 
Termination 
Signalling 
Levels: 
2-Wire 
Send 
Rec 
L-Wire 
Send 


Rec 


TELETYPE MULTIPLEXER 


VF Transmit/Receive Terminal 
Mark Frequency 
Space Frequency 
Termination 

FDM Sixteen Channel Group 


Channel Center Frequencies 


Frequency Deviation 
Frequency Stability 
Data Rates 


4. Antenna System: 


12 = 60 kHz 12 = 108 kHz 


Twin Inverted or Twin 


2-wire or h-wire 


2600 Hz 


-0 
-6 


-16 


1325 Hz Hz 


t+ 


1225 Hz + He 


2 Wire or 4 wire 


425-2975 Hz in 170 Hz 
Increments 


+ 42.5 Hz from each center frea. 
+ Hz 


60,75, and 100 WPM 


The AN/TRC-97, 97A system uses dual space diversity for macimum 
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propagation reliabilty. Two eight foot parabolic reflectors are normally 
used and 15 ft. parabolic dishes are available for more demanding require- 
ments. In operation over wooded areas, horn antennas may be used for 
line-of-sight and diffraction paths. Dual polarized feedhorns are used 
interchangeably with all of the reflectors. 


T. AN/TRC-129, RADIO TERMINAL SET 


This van is the same as a 90B except the antenna is the 11 foot type 
as used with the 90A and the make of air conditioner has been changed. 


1. Functional Description: 


a. Radio Terminal Set AN/TRC-129 is a transportable, shelter- 
mounted radio terminal which provides full-duplex FM SHF commnications 
with the capability of 24-4 kHz voice channels, 16 full-duvlex narrow- 
band TTY channels, one 3 kHz telephone circuit and a teletypewriter both 
for service channel use. A separate auxiliary HF SSB transceiver is pro- 
vided for camunication during setup and installation. Tropospheric 
scatter vropagation is the principal mode used by the main radio equipments 
however, line-of-sight transmission may be used with reduced power output. 
2W/LW and 20-cycle ringdown capabilities are available for all channels. 


b. Each set has two receivers which use physically separated 
antennas in a a dual s space-diversity terminal configuration. 


c. Iwo sets may be interconnected to vrovide the capability of 
operating as a a quadruple (space-freauency or svace-space) diversity 
terminal configuration. 

NOTE: In quad diversity the voice multiplexing equipment of both 
shekters could be used to vrovide 48=channel capacity. However, only 
Radio Terminal Sets AN/TRC-90B (which are electrically similar to AN/TRC- 
129) have this capability since each shelter of the AN/TRC-90B uses two 
large 29-foot diameter antennas, 


d. Relav station configurations can be set up using two or four 
sets for dual or quad diversity respectively. 


2. Technical Characteristics: 
a. General 
(1) Range: Up to 160 KM (100 miles) 


(2) Terminal Setup Time: About 4 hours using experienced 
7 man team. 


b,. Transmitting and Receiving Systems, 
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(1) Frequency: ek to 5.0 gHz 


(2) Number of RF Channels Available: 333 channels at 1.8 mHz 
intervals. 


(3) Power Output: 1000 watts FM (continuous duty cycle) 


(4) Receiving System: Dual receiver in space diversity 
configuration using separated antennas. 


(5) Receiver Bandwidths: Aubeasticoldy variable from 4 mHz 
down to 200 kHz depending on signal strength. 


(6) Antennas: Two sectionalized metal parabolic reflectors 
10 feet in diameter. Each antenna is mounted with its center 15 feet 
above the ground on a sectional tubular mast. (10 foot mast extension 
set may be ordered separately if required). Bipolarized feedhorn permits 
using one of the antennas for transmission and reception simultaneously. 
15 foot sections of low-loss flexible waveguide are provided, 


NOTE: The above antenna system is identical with that used by Radio 
Terminal Set AN/TRC-90A. 


ce Multiplexing System 


(1) Synehronized frequency division carrier equipment is used 
to multiplex the 24 voice channels. In order to increase the overall 
reliability of the voice multiplexer, power supply units are paralleled, 
and all active circuits requiring DC power and affecting more than one 
channel are paralleled with standby units. 


(2) The 16 teletype channels are narrow-band FSK Northern 
Radio Co. carrier multiplex equipment and are normally applied in place of 
voice channel 12. 


U. AN/TRC~132, RADIO TERMINAL SET 


Basically the RF equipment is the same as the 90B except it now has 
the equipment necessary for a quad-diversity option (two transmitters and 
four receivers) and 48 channel operation all in the one van. The VFCT 
has been deleted to give the needed space, 


The 132 has the option, with one van, of operating as a 24 or 48 
channel, dual = or quad-diversity sy: system, or as two annepent dual- 
diversity systems. 


The van is equipped with through-grouping facilities so channels 


may be grouped through a relay station twelve at a time at the Basegroup 
level.-: 
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The single van may also act as a dual-diversity 24 channel through- 
group repeater with a 2/4 channel drop, or as a dual-diversity 48 channel 6 
Baseband repeater with a party line service channel in all options. % 
Two vans may be interconnected in any of several through group and 


channel drop configurations, or as a Baseband relay all of the options 
having the possibility of quad-diversity and a party line service channel. 


The antennas are 29 foot parabolic reflectors. 


All 48 channels are equipped with 2W/LW terminating units and options 
of 1600 or 2600 Hz with 20 Hz or F&M signalling. 


V. SUMMARY OF INTERFACE CHARACTERICS AN/TRC-90, ~90A, -90B, 1 -132 


1. Voice Multiplex: 


Equipment 
All models Cellins MX-106 (Modulation Plan 
shown in Figure VIII-9) 
Channels 
~90 2k, 
-~90A 2h 
~90B 2h 
-129 2h y 
-132 48 


Levels — All models 


2-wire: 
Transmit O dbm 
Receive -3 dbm (nominal) 
Lewire: 
Transmit -16 dbm (-13 dbm available) 
Receive +7 (+24 dbm available) 


2. Teletype Multiplex: 
The AN/TRC-132 has no VFCT capability 


Equi pment : 
-90 Northern Radio NRC=-235 
-90A Northern Radio NRC=235 
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3. 


he 


5. 


~90B 
-129 


Type of System 


-90 
-90A 


-90B 
-129 


Signalling 


-90 
-90A 
-90B 


-129 
-132 


Terminating Units 


Northern Radio NRC=-235 modified 
Northern Radio NRC=-235 modified 


Diversity (old channels inverted) 
Diversity (old channels inverted) 


Non-diversity (compatible with) 


AN/FGC-60, -61, -61A, -61B, 
AN/FCC-19, -20, -25 and others) 


None internal 
20/1600 Hz only 


1600 and 2600 Hz SF Units; 
20 Hz ringdown or BE” siprallinge 


All models have full capabilities for 2-wire or 4-ewire terminatine. 


Antennas 


-90 
-90A 


-90B 


of Operation 


15 foot inflatable parabolic 
11 foot sectional varabolic 


29 foot mesh, 12=sectional parabolic 


11 foot sectional paraholie 


29 foot mesh, 12=section narabolic 


Dual-diversity (snace only) 
Dual-diversity (space only) 


One van: Dual-diversity 
Two vans: Dual-diversity 


Quad-diversity 
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W. PULSE CODE MODULATION EQUIPMENT 


Presently the AN/TCC-7 multiplex equipment used with the AN/GRC=50 radio 


system in RVN is being replaced by TDM-PCM equipment such as the TD-202/U 
and TD/352/U. These and other related items of PCM equipment are discussed 
below, following a brief introduction to PCM theory. 


1. PCM Theory*: 


Pulse code modulation (PCM) is a communication technique in which 
voice, data or facsimile signals are converted into a series of digital 
pulse codes. Each pulse code represents signal amplitude at a particular 
instant and a series of pulse codes represents a complete waveform, 

Since the transmitted signal is in digital form, it is less susceptible 
to noise and distortion buildup over long distance lines, and may be 
regenerated at repeaters along the route without introducing additional 
distortion. 


In the PCM process (See Figure VIII-10), standard amplitude levels are 
assigned and are represented by digital codes. The incoming voice wave- 
form is sampled at a high rate, and each sample is converted to a pulse 
at the closest standard amplitude, producing a pulse amplitude modulated 
(pam) waveform. The standard amplitude pulses developed are then meas- 
ured and converted to a binary pulse code for transmission. The pulse 
codes are decoded at the receiving station and reconverted to a pam 
waveform, which is then demodulated to produce approximately the original 
waveform. As the sampling frequency is increased, the waveform generated 
at the receiver more accurately resembles the original waveforn. 


In the TD-352/U and TD-353/U, PCM multiplex units to be discussed 
below, the amplitude range of the incoming voice signals is divided into 
64 levels which are then converted to 6-digit binary pulse codes. Com- 
panding (compression-expansion) circuits are used at the voice inputs to 
improve the fidelity of very high-level or very low-level signals. These 
circuits provide a non-linear amplification which compresses high-Jevel 
Signals to the amplitude range required for conversion to the 64-level 
range of the encoder and decoder, and expands very low-level signals to 
provide more accurate coding. The low-level signals must..be expanded 
because they would cover only a few pulse code levels and would be more 
distorted than higher signals. A complimentary companding circuit is 
incorporated in the receiver circuits to restore the signals to their 
original levels after decoding and demodulating. 


2. Purpose and use of PCM Equipment: 
a. General: The TD-202/U, TD-203/U, TD-204/U TD-260/G, TD-352/U 


* Reproduced from T™11-5805-367-12. 
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TD-353/U, and CV~1548/G Provide voice~frequency (vf) channel multiplexing- 
demultiplexing and telephone signal conversion in multichannel communication 
systems. 


be Multiplexer TD-202/U: This multiplexer is presently being 


utilized in RVN. It is a 12-or 24-channel, pem, radio transmission interface 


unit. Its transmit section accepts time division multiplex (tdm) pcm 
outputs from one or two TD-352/U's, a TD204/U, or from another TD-202/U, 
and processes these outputs for radio transmission. The receive section 
accepts a pcm signal from a radio receiver, processes and retimes it, and 
extracts the order-wire signal. 


c. Multiplexer TD-203/U: This multiplexer is a 48-or 96-channel 
pem radio transmission interface unit which performs the same function 
described above for the TD-202/U, except it operates with the TD-353/U, 
TD-204/U, or another TD-203/U, 


d. Multiplexer TD-204/U: This multiplexer is a 12-24-, or 48- 
channel pcm cable transmission interface unit. Its transmit section accepts 
tdm-pem output signals from a TD-353/U, from one or two TD-352/U's, from 
another TD-204/U, a TD-203/U or a TD-202/U, and processes these signals 
for cable transmission. The receive pection accepts a pem signal from the 
transmission cable, processes and retimes it. In addition, the TD-204/U 
provides power for up to 39 TD-206'/G's in the transmission cable, and 
contains an order wire facility. 


e. Multiplexer TD-352/U: The TD-352/U converts 12 four-wire vf 
channels to a tdm=pem signal in its transmit section and vice versa in 
its receive section. Two TD-352/U's are used with a TD-202/U or TD=204/U 
to provide a 24-channel capacity. 


f. Multiplexer TD-353/U: This unit performs the same function 
described above for the TD-352/U, except it has a 48-channel capacity. 
Two TD-353/U's are used with a TD-203/U to provide a 96-channel system. 
One TD-353/U is used with one TD-204/U to provide a 48-channel capacity. 


g. Restorer, Pulse Form TD-206/G: This unit is a two-way 
unattended repeater for pcm cable systems. It is installed at l-mile 
intervals in the transmission cable to restore pem pulse form and timing. 


h. Converter, Telephone Signal CV-1548/G: The CV-1548/G pro- 
vides telephone signal conversion and hybrid facilities for 12 multiplex 
channels. Each channel contains one way plug supervisor and ring down 
signalling conversion facilities, a hybrid for converting between 2-wire 
and 4-wire circuits, 4-wire straight through patching, and switching for 
selected combinations of these functions. 
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3. Technical Characteristics of PCM Equipment*: 
a. TD=-202/U and TD-203/U: 
PCM input or output signal: 
Impedance ..ccccccccccccccccccccccccccce» 91 Ohms 
Timing input or output signal: 
Impedance .ccccccccccscccccccccscccccccese 91 Olms 
Radio input or output signal: 
Impedance ...ccccccccccccccccccccceseces 51 Ohms 
Required radio bandwidth (at 3db point): 
12-or 2hechannel Opn ..cccccccccccescoes 240 kHz 
L8-or 96-channel opn ......ceeeeeecceees 935 kHz 
Order wire: 
Impedance ...csccccccccccscccccccsecees 600 ohms 
Level (test tone) ...ccccccccccccccsces “4 dbm 
b. TD=352/U and TD=353/U 
Channel characteristics 
Modulating bandwidth .......ceseeeceeee 300 to 3,500 Hz 
Input for full modulation ............ — dbm test tone 
Output for full modulation ........... hk dbm (h-wire), +1dbm 
(2-wire), output is 
adjustable from -6 to 
+hdbm) 
Input and output impedance ........... 600 ohms (balanced) 
PCM input or output signal: 


Impedance Ceoeceeeceeececeeceeeeceeeeececeerecoce 91 ohns 


* Only equipment in use in RVN will be discussed 
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ce. CV-1548/G 
Operating modes (selected independently in each channel): 
20 Hz signalling, 2-vwire. 
Plug supervision signalling, 2-wire (one-way) 
from originator to terminator). 
No signalling, 2-wire (hybrid only in use). 
No signalling, 4-wire (channel patched straight through). 
20 Hz signalling, 2-wire: 


From subscriber .........20 Hz ringing voltage at 
16 volts peak minimum. 


To subscriber .......... 20 Hz ringing voltage at 
75 volts rms minimum (across four lines simultaneously). 


Plug supervision signalling, 2-wire: 
Opens or closes (T) tip and (R) ring lead circuit. 


Multiplex terminal inputs, 4-wire (all signalling 
modes: 


From multiplex terminal ....... No tone or 1,600 Hz 
in-band tone between -25 and Odbm, 


To multiplex terminal ......... No tone or 1,600 Hz 
in-band tone at - 15 dbm (adjustable + db), 


Channel characteristies (2-wire): 


Insertion loss .......-cceccccee 465 Ab maximum 
(250 to 3,500 Hz) 


Input and output impedance ..... 600 ohms (balanced to fround) 
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Vell 


| CDF PROTECTOR BLOCK | 


DC 
JACKFIELD 


PATCH CONNECTIONS 


VF 
MISC 
JACKFIELD 


DC 
MISC 
JACKFIELD 


Tae AN/FGC-69 


130V BATT a 
TRUNK AN/FCC-19 


LINES 


Figure VIII - 3, DC operation, block diagram, 
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a) 
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-=--- X CONNECTION 
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Figure VIII-4, Dc patching and cross-connect arrangements, 
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Figure VIII-5 Functional Diagram SB-611/MRC 
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Figure VIII-6 Functional Diagram SB-675/MSC 
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Figure VIII-10 The °CM Process 
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IX. INTERFACE PROBLEMS 


If the most common problem in communication in Vietnam had to be 
chosen, there is little doubt that is would be "interface", There are 
in Vietnam a wide assortment of various types of equipments that were 
not designed to work together. The problem is to integrate them into a 
unified system that will provide efficient and quality service. Primarily, 
these problems have occurred when we attempted to combine "tactical" and 
“fixed-plant™ equipment into a common system, There are several points 
of basic incompatability between these two. There are also some incombat- 
abilities between various pieces of tactical equipment; however, these 
do not concern the ICS directly, A final group of interface problems 
that do concern the ICS are those occurring when fixed-plant equipments 
of two different manufactures are interconnected, 


The examples discussed on the following pages are some of the interface 
problems that have been identified and solved. They should not cause any 
trouble in the future; however, the solution to these examples may susgest 
ideas and techniques for overcoming future problems. Of course, there are 
always “those that don't get the word the first time’ and maybe these 
discussions will save them some needless work. Unfortunately, dissemination 
of this information heretofore has been quite limited. 
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A, LEVELS INTERFACE WITH TRANSPORTABLE EQUIPMENT: 


The problem of properly interfacing levels with the transportable 
equipment is a relatively easy one to Solve on paper, but in practice 
several complications arise. 


1. Transportable systems have been terminated in three different 
configurations in the JCS technical controls. If the system is very 
important and is a major link in the SEAWBS, all channels of the system 
are terminated on primary jacks, VF jacks and circuit jacks with ampli- 
fiers between primary and VF jacks to provide standard + 7, - 16 levels 
at the VF patch appearance. Figure IX-A-1 illustrates this type of 
termination. 


Some TCG's do not have enough amplifiers and or primary jacks to 
terminate per Figure IX-A-1, In this case transportable systems will 
terminate on the VF patch bay at non standard levels and may have mo 
primary patch appearance, 


+ 1,0, OR-4 a4 A “2 
CABLE PAIRS TO PRI VF CONDITION= CKT 
TRANSPORT ABLE ING EQUIP. JK 
SYSTN JK JK IF ANY 
REQUIRED 


NO CRT JK IN 
Figure IX-A-1 Transportable termination PHASE 3 SITES 


If the transportable system is not considered of sufficient sig- 
nificance to warrant treatment discussed above, individual channels are 
terminated in the ICS TCG on primary jacks as required. 


2. System terminated per Figure IX-~A-1 provide compatable patching 
levels to §CS or other transportable systems so terminated, but some 


caution is necessary when patching channels at the primary patch or 
the VF patch, if amps are not provided, because transportable system 
channel levels are non-standard and not always the same. The levels 
for the two most common transportable multiplexers and for the PCM 
(pulse code modulation) equipment being introduced in PVN are given 
below: 


AN/TCC+7 AN/TCG=13 PCM 
4-W Receive #1 re) -4 


4-W Send =~ 4 w 4 -~ & 
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3, The other problem that appears with transportable equipment is 
that the levels often vary widely. When this happens and a signal comes 
in considerably "hotter" than it should be, it can cause distortion and 
noise in the entire GROUP. When this does occur, the technical control 
is instructed to ask the subscriber to correct his levels; but, if he 
fails to do this, then a limiter will be placed across his circuit at 
the = 2 dbm point (CKT PATCH PANEL). Limiters can cause some distortion, 
so prior to placing them on a circuit the controller will attempt to 
correct the problem by notifying the subscriber, However, in any event, 
one subscriber must not be allowed to degrade the service provided to 
others, 
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Be. INCOMPATIBLE SIGNALLING FREQUENCIES AND LEVELS: 
1. Frequencies: » 


One interface problem commonly encountered is a difference in 
signalling frequencies. The {CS uses the DCA stéendard of 2400 Hz, the 
TA-182 signalling unit uses 1600 Hz. It was for this reason that 1600 
Hz SF units were installed in the {CS technical controls, However, 
there are still some situations in which both signalling frequencies 
must be used on different parts of the same circuit. In this case it 
is necessary to interface the two signalling frequencies at some in- 
termediate station having woth types of SF units. This conversion 
interface is presently accomplished by usin: only the {cs SF units but, 
after Phase 3a pulse link repeater will be utilized (refer Fig. VI-C-3 and 
VI-D-9), : 


2, levels: 


The normal output power levels of the Collins 1600 Hz SF unit are 
~ 22 dbm or 6 db below the level of the standard 1000 Hz test tone which 
is ~ 16 dbm at the output of the SF unit (Figure IX-B-1). 


The standard TA-182 Signal Converter generates a 1600 Hz tone at 
O dbm. Since the reference tone level is O dbm at this point, the 1600 
Hz level is O db with respect to the reference, 


a. Problem: When the TA~182 converters were first used with a 
the Collins 1600 Hz units, it was noted that the SF unit would not i 
function properly, It was found that the 1600 Hz tone generated by the id ( 
TA~182 was received at such a high power level at the SF unit that the 
SF unit would not operate the ringdown converter. This is better ex- 
plained by Figure IX-B-l, 


be Solution: Two actions were taken to correct this problem: 


(1) A program was initiated to modify all TA-182's in 
Vietnam to have an output level of - 10 dbm, 


(2) The circuits using 1600 Hz signalling are engineered 
so as to have the three possible 1600 Hz tone power levels centered with- 
in the sensitivity range of the SF unit (figure IV-B-2), 


A comparison of the standard circuit layout and the 
modified one, illustrates how this was accomplished (Figure IX-B-3),. 
Experience has shown that there are still some unmodified TA~182's, and it 
is absolutely necessary to take them into consideration when engineering 
the circuit. Therefore, the configuration shown in Figure IX-B-3b is now 
the standard for all circuits specifying 1600 Hz signalling. 
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1000 HZ NORMAL TEST TONE 
LEVEL AT INPUT TO SF UNIT 


NORMAL INPUT SENSITIVITY RANGE 


FOR COLLINS 1600 HZ SF uNIT +7 
- 20 -15 -10 -5 a +5 +10 
1600 Hz TONE LEVEL aT +! +7 
1NPUT TO SF UNIT WHEN 1600 Hz TONE LEVEL 
TONE tS PRODUCED 8Y 
AT twPuT To SF UNIT 
1600 Hz SF UNIT. WHEN TONE 18 PRODUCED 


BY UNMODIFIED TA-182. 


Fr@ure |X-31 Power LEveL AT INPUT To SF UNIT; 
STANDARD RECEIVE LEVEL OF+7 DBM 


1000 HZ TEST TONE LEVEL 
Cat INPUT OF SF UNIT. 


Oo 


NORMAL INPUT SENSITIVITY RANGE, 
FOR Cortins 1600 Hz SF uNtT,. 


<< 


—20 -15 + \° +5 +10 
LEVEL of 1600 Hz 7! 6 D vever of 1600 Hz 
TONE PRODUCED BY TONE PROOUCEO BY 
MODIFIED TA-182 LEVEL oF 1600 Hz UNMODIFIED TA-182 

TONE PROOUCED BY 
SF UNIT 


FiGcure |IXeB-2 Power Levers AT Input To SF Unit; 
Moolrieo Recerwe Lever OF O O8m, 
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C. The Problem Of Too Many Grounds. 


A memorandum prepared by MR. frank Shuftord is reproduced below. 
Mre Shufford, a Philco-Ford tech-rep, was formerly a wember of the ICS 
Cutover Commitee. 


SCCVRG=PO 7 April 1967 
MEMORANDUM FOR RECORD (Mr. Shufford) 


SUBJECT: Investigation of Tiger 8CO-Long Binh Dial Trunk Malfunction by 
Fe M. Shutford and Jack Bowdoin 


1. References: 


a. Collins Instruction Book-subject: "{CS Signal and Ringdown 
Converter Equipment", dated March 1966, 


b. Collins Dwg 762~9768-Schematic diagram 3F Sig. unit 20D3-1MX, 
Also Block Diagram Fig 2. (Part of Ref a), 


2. Background: On or about 20 February 1967, 6 dial-to-dial trunks 
were established between Tiger DCO (™MACV-1) and Long Binh TTC-28 dial van. 
Upon establishment, an irregularity in operation was noted as follows: When 
calls were placed from Long Binh to Saigon no "ringback" or "busy" tones 
were heard by the callin, party. ‘These tones originate in the Tiger DCO 
equipment and are transmitted back to the calling telephone over the normal 
trunk voice path. The condition came and went at various times but appeared 
to follow no set pattern, The trunk functioned normally in the reverse 
direction. 


3. Problem: 


a. Investigation quickly determined that the immediate cause of 
the malfunction lay in the Collins 20D3~1MX 2600 Hz SF unit in the IWCS 
Technical Control Facility. The circuit within the SF unit which normally 
controls the termination across the 4W/TX voice path was not removing the 
termination during the "busy" or "of f-hook" trunk condition. During normal 


operation in the "off hook" or "dialinz"' condition this control circuit releases 


the cut-off relay, removing the termination across the transmit voice path. 
This was not being done, but the snecific cause was not immediately apparent, 


b. During the course of the investigation attention was called 
to an undesiréhble situation existing between the station grounding systems 
of IWCS and Tiger DCO. Measurements made between the grounds showed 
negligible D, C. resistance and voltage but an A. C. voltae component in 
the order of 14-16 volts maximum. This voltave anneared at the M lead 
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terminal on each S. F. unit associated with a Tiger dial trunk equipment. 
By analyzing the effect of this A. C. voltage at the M lead terminal on 

the S. F. unit operation, it was demonstrated that the normal operation 

of the cut-off relay could be directly affected through the "cut-off relay 
pulsing circuit". This: circuit appears to be sensitive to unwanted A. C. 
voltages as its operation is based on the charge and discharge of capacitors. 
Tests indicated that the presence of 14-14 volts A. C. on the M leed would 
block the release of the relay. As this voltage was decreased, normal 
operation was restored. It was found, however, that this voltage must be 
reduced to approximately a maximum of 2 volts before completely reliable 
operation could te expected. This unwanted A. C. ground potential appeared 
to be the specific cause of the S.F. unit malfunction. 


3. Action taken: The first experimental action taken to reduce this 
ground potential was to tie the JCS ground bus to the DCO ground bus with 
#6 wire. This reduced the M lead potential to about 8 volts which was still 
excessive for reliable relay operation, The #6 wire was next replaced with 
a #3/0 wire. This reduced the M lead potential to approximately 0.2 volts 
and, also, reduced greatly the transient currents visible on the scope. 

This action appeared to clear the trouble, and all trunks now functioned 
normally, 


4, Source of A. C. sround Potential: The basic source of this high 
A. C. ground potential was obviously a condition peculiar to the MACV I 
Compound. There are 3 entirely separate grounding systems within a radius 
of 100 feet; {CS ground, DCO ground, and power generator ground. None of 
these were physically tied together. The A.C. power system, located imme- 
diately adjacent to both ICS and the DCO, consists of 44100 KW generators 
using a 3-phase, Y connected, 208-120 volt, distribution system, This 
furnishes power to both [CS and the DCO. Although no ground resistance 
tests have been made, with the extreme seasonal soil dryness, it may be 
assumed that one or more of these ground arrays may have appreciable resis-— 
tance, and that any phase load unbalance could cause a current flow throug? 
the power neutral ground svstem. ‘lith the battery rectifiers of both tc 
and the DCO operating from the same power Source, a»preciable ground potential 
could exist between the 3 ground arrays, This appears to have been the 
basic problem. : 


5- Conclusions: The sensitivity of the cut-off relay pulsing circuit 
in the Collins S.F. unit to A.C. voltage on the M lead may very well be a 
problem at other ICS sites. This could be encountered wherever dial trunks. 
are used. This circuit characteristic of the Collins S.F. unit has apparently 
heretofore gone unnoticed. The tolerance of this circuit to A.C. voltage 


has not been experimentally established except from the MACV I tests 

where it appeared to be less than 2 volts for reliable operation. At 
locations where the 2 ground systems are adjacent and can be physically 
tied together, this should present no great problem; but at widely 
separated sites, other measures would be required. Et is impossible 

at this point to predict the extent to which this problem may be encountered 
as the dial. trunk program is activated. At sites where DX signalling units 
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will be required to extend the F&M leads beyond the 25 ohm limit no problem 
should arise as the DX units effectively isolate the sround system. 


6. Recommendations: The following seneral and svecific recommendations 
are made: 


a. Where physically possivle, tie all (CS, DCO, and power ground 
systems together. 


b. Use DX signal lead extension where required. 


c. Place channel terminating equipment (3.F. units, hyorids etc) 
in DCOs if necessary. 


de Use isolation relays in the M lead. 


ee Give careful attention to the design and installation of ground~ 
ing systems for both ICS and nCOs. Ground system design in 2VN should take 
into account the peculiar condition existing during the lengthy dry reason 
when soil moisture may decrease to such an extent that special ground con- 
struction may be required to maintain the ground resistance within acceptable 
limits. A desireable by-product of increased quality of grounding systems 
could be a reduction in circuit noise of various kinds. 


s/F. M. Shuford, Eng 
t/F. M. Shuford, Eng 
Networks Branch 


ED. Notes: 


It should be noted that this problem again appeared during the activation 
of dial trunks terminating at Bien Hoa DCO in November 1967, In this instance 
3F unit malfunctions occured with an AC ground potential of 0.2 Volt. This 
situation was alleviated by the use of the Collins M lead applique unit 
discussed in Long Lines Technical Control standards and Practices, 
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D. FIXED-PLANT -- TACTICAL VFCT INTERFACE : 


The problem that imnediately comes to inind when fixed-pléent and tactical 4 
teletype terminals are mentioned is the difference in the loop currents, 
60 ma and 20 ma respectively. This problem is easily solved by de isolation 
relays. The point of interest here is the interface on the composite audio 
tone side. The use of fixed=plant equipment on one end of a tone-pack trunk 
and tactical equipment on the other has been necessary on several occasions 
due to the limited availability of fixed-plant terminals, 


An examination of the appropriate references discloses that both the 
fixed=plant and the tactical teletype carrier systems make use of the same 
32 basic tones, 2 for each channel, to transmit marks and spaces. ‘The lowest 
frequency pair has a mean value of 425 Hz and subsequent pairs are separated 
by 170 Hz. The two tones actually transmitted are 42.5 Hz above and below caer 
the mean values (see Table IX-1). 


‘ 
Fixed-plant terminals are basically four wire systems, and each channel { 
transmits and receives using the same two tones. The 16 channels in a 
standard system such as the AN/PCC-19 or the AN/FGC-SO are numbered sequenti- { 
ally from the 425 Hz channel to the 2975 Hz channel, 
The tactical terminals, AN/TCC-4, -20, were designed to be capable 


of either four-wire or two-wire operation. In two-wire operation, it would 

be impractical to use the same frequencies for both transmitting and receiving; 
therefore, each channel MODEM of the AN/TCC-4, -20, uses one set of tones 

for transmitting and one set for receiving. The exact ones used by each 
channel are selected: by the setting of several switches. 


The incompatibility is: a teletype machine connected to channel 5 of i 
the fixed=plant terminal might be transmitting to channel 7 of the AN/TCC 
“4 but receiving from channel 11. Needless to say, CHAOS could easily occur. 
In fact, many of the more pessimistic said it would never work. The solution ; 
decribed below has permitted highly efficient operation with no problems 
attributable to the frequency interface. : 


SOLUTION: 


The channel MODEMS of the AN/TCC-4 are integral units, and it is not 
possible to physically separate the TRANSMIT and RECEIVE positions of 
the channel. However, the TRANSMIT and RECEIVE circuitry in the AN/FCC 
-19 and AN/FGC-60 are completely separate; and further, each individual 
TRANSMIT tone keyer and RECEIVER tone converter is a plug-in module that 
may be inserted in any channel position in the transmit and receive sections * 
respectively. By rearranging the fixed-plant modules, it is possible to 
establish a tone-pack that operates in all respects as if the two terminals 
were identical. Table IX-~2 shows the rearrangement of modules necessary if J 
the AN/TCC-4 is set up as prescribed on the table. For less than 16 channels, 
only a portion of the table is used. 
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Actual Tones 


Mean Value, Hz 


1487.5 


—~1572.5 


1657,5 


Transmitted, Hz 


Mean Value, Hz 


Actual Tones 


Transmitted, Hz 


1742.5 


785s S—~S— 
ee 


8S 
1955 
1997.5 


2082.5 


—— 267765 


276245 


TABLE IX-1 VOICE FREQUENCY CARRIER TELETYPE TONES 
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Tactical terminel Fixed-Plant Tactical Terminal Fixed-Plant 


AN/TCC-4 Terminal AN/TCC=-4 Terminal 9 
Mean Mean Conv {Keyer Mean Me an Conv |Keyer 
Chnl] Transmit] Receive Chnl} Chnl Chnl | Transmit|{ Receive Chnl se 
Nre| Tone, Hz} Tone, Hz Nre Nre Nr. | Tone, Hz] fone, Hz | Nr. 
10 765 
2 2465 
11 | 1105 
3 2125 
12 1445 
4 1785 
13 594 
5 2975 14 
14 935 
6 2635 
15 1275 
7 2295 
16 1415 
8 1955 ) 


Note: The AN/TCC-4 is arranged as in Fig 15 of T 11-5805-250-10, 
The four stacks are lettered a, B, C, D, left to right. The 
channels are numbered left to right, top to bottom, in each 
Stack. Switch Settinzs are viven in the table pelow. 


Panel Switch Designation Stack A Stack B Stack C Stack D 


ST 8 RC | emer 


TH=14 Line Send Freq HI None Used w None Used 
AM=683 Send Frequency Lo HI Lo HI 
Channels 16 16 16 16 
Line 4w 4w aw 4W 
TH-17 Send Frequency LO Ht LO HI 
TH-16 Send Frequency LO HI LO HI 
TABLE IX -2 


SOLUTION FOR FIXED=}{PLANT AND TACTICAL 
VOICE FREQUENCY CARRIER TELETY?E TNTERFACE 
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EB. IDLE LINE TERMINATION: 
1, Probdlem: 


Proper termination of idle lines has not previously been a4 matter 
of concern to the "tactical cemaunicator" for two reasons: 


a, It is not too critical on systems limited to 12 channels, 
b. Tactical equipment provides no capability for doing so. 


In Vietnam, the switching or interconnecting of telephone comxjion 
user trunk circuits (normally 4-wire) to subscribers and/or to other trunks 
is accomplished via 2-wire switchboards (with the exception of Saigon Overseas 
Board). This 2-wire switching introduces a transmission loss of several db at 
each switching location due to the 2w/4w terminating set (hybrid), drop cable, 
and switchboérd losses. To maintain a relatively stable circuit end prevent 
the introduction of spurious oscillation (singing) and unwanted and excessive 
noise in the 4-wire section, it is necessary to maintain a high degree of elec- 
trical isolation cr loss between the transmit and receive paths at the point 
where they come tozether, the hybrid coil in the 2w/uw terminating set. MDue 
to the construction of the hybrid coil the degree of 4-wire path separation is 
also directly a measure of the degree of valance or impedance matching between 
the 2~wire line (subscriber) end the 2-wire balancing network of tre hybrid 
coil. Since the network is fixed at a standard impedance of 400 ohms the 
variable factor is the impedence of the 2-wire line and around this the entire 
circuit balance problem revolves, 


The essence of the problem lies in the fact that the various tactical 
switchboards generally in use now in Vietnam were not basically designed to 
maintéin a high degree of balance or impedance matching with a fixed plant 
system such as (CS. 


The problem has two basic parts: 

a. To provide, in the circuit drop, an optimum impedance whose 
function will be mainly to match the 600 ohm fixed impedance of the 2-—wire 
balancing network in the hybrid coil, thus assuring a maximum hybrid balance 


and separation of the send and receive paths of the 4=w section (Figure IX-b~1) 


be To provide at the same time an optimum condition with no sub- 
scriber connected (figure IX-E-2), 


2. Equipment Used: 
The basic equinment most generally used in Vietnam are the SB-86/P 


switchboard, the TA-223/TIC and TA-226/ITC trunk relays wich in various 
configurations, are used in the MTC-1, MTC-9 and TTC-7 manual switchboards, 
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The design of the SB=86/P (TA-207 Jackfield) and the TA-223 trunk relay 

equipment is such that when the circuit is "idle" with no connection established, Be 
the switchboard presents an open circuit toward the carrier hybrid causing 4 
a maximum unbalance condition. The TA-226/TTC Circuit presents a repeating 

coil termination of 600 ohm impedance to the carrier channel and will not be 

discussed further (Figure IX-E~3) 


3. Solution: 


To alleviate the above condition, it is standard industry practice 
to provide a termination at the switchboard which will, during the idle 
circuit condition, approximate the 600 ohm hybrid net thus maintaining maximum 
return loss and 4-w section stability. This termination should drop out auto- 
matically when a connection is made at the switchboard. These terminations 
are not Standard equipment on tactical switchhboards. 


4, Action Taken: 


This problem, for SEA at least, was recognized as far hack as 
September 1945, when ECOM was tesked by the Army to develop field modification 
kits for placing Idle Line Termination on all tactical switchboards in SEA, 
This resulted in the development and provision of 2 types of ILT kits, one for 
the TA-223 relay circuit and the other for the SB-86 switchboard. A large 
number of kits were built and received in Vietnam during April 1946, 


The design of these kits is shown in Figure IX-E-4 Note that in 
the 3B-86 the termination reiains bridged across the line even when in use; 
therefore, a compromise terminating impedance had to be used. 


5- Comments: ) 


On DCA Circuit Layout tecords the notétion is found "Switchboard 
provides idle line termination", ‘When the technical control discovers that 
other channels on a system are being distorted because of high noise levels 
or "singing on a common user trunk, it might be advisable to check that the 
idle line termination has been installed properly. 
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TRANSMISSION LEVEL (IWCS) 


4W REC Odbm Z= 600St ara SEND INTO CHAN Odbm 
REC FROM CHAN —6dbm 
2 | re 
Iwcs 
SCRAE saris = 6002 ooo 
L ms 


4w 
SEND -§£9dbm 
(min) 


{OLE LINE TERMINATION 


| at | 


Z=600S2 «— 


NOTE: IN THE I1OLE CONDITION, IMPEDANCE AT THIS POINT $8 6000. 
IN PRACTICE, Z518 SELOOM 60UN, BUT 18 DETERMINED BY 
CHARACTERISTIC Z OF TRUNK CABLE AND THE TERMINATION, 
THIS SHOULD APPROXIMATE 6O0FOR OPTIMUM DROP BALANCE. 
THE BALANCING NETWORK 18 SLIGHTLY AOVUSTABLE. 


FeGure (X42 Circuit ConDITION: IOLE(No Cord uP AT Swen) 


IDLE LINE 
TERMINATION 


Z=600N ~<— — 
| IMPEDANCE MATCHING AND 


ISOLATION TRANSFORMER 3 \=———-——-, | 


G 


CONDENSER ——_——_ 


Z=60OR _| 


Figure §X-E3 Trunk EquipPeo WITH TAZ26/TTC RELAY EQUIPMENT. 


CarRcuit CONOITION: IOLE 


IOLE LINE TERMINATION | 


VF CHANNEL 
~<——— 6002 HYBRID cee 


| SB-749 SWBD WITH 
TA 223 TRNK EQPT | 


i LS RS — 


A. TA 223 TRUNK RELAY EQuiPMENT. (TERMINATION Witt DROP 


Out WHEN OPERATOR INSERTS PLUG) 


| 
| 0.47 a | | 
VF CHANNEL | MF 


——_——_ 
6008 HYBRID 


| SB- 86 SWBD 


Di at 


B. SB-B6 SwiTCHBOARD. (TERMINATION WILL NoT 
Drop OuT WHEN OPERATOR INSERTS Pius.) 


FIGURE IXeE4 IOLE LINE TERMINATION KtT DETAILS 
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The AN/TCC-13 multiplex set, used with the AN/TRC-29 microwave terminal, 
has a built-in 20 Hz signalling capability which does not make use of a VF 
signalling tone. If anICS circuit is to be extended over the AN/ICC-13 
and the AN/TCC-13 is to provide the 20 Hz at the distant end, then the 
signalling interface between the [CS and the AN/TCC~13 must be at 20 Hz. 
Also, good engineering dictates that the interface be a 4-wire connection. 
This requires the use of 2 ringdown converters as shown in Figure IX~F=1. 


When this was done with several circuits at Nha Trang, it was dis- 
covered that the signalling would not function properly on several of the 
circuits. 


1. Problem: 

When the AN/TCC-13 generated a 20 Hz signal, the transmit RD 
Converter reacted in an unusual manner. This was observed by listening to 
the SF unit tone on the line, The 2600 Hz tone was interrupted 20 times a 
second and these short bursts of tone were not long enough to actuate the SF 
unit at the distant end, 


2, Cause: 


It has not yet been possible to determine the exact cause of this 
behavior. 


3. Quick-Fix (Not the solution): 

An immediate solution was found to be reversing the 4W RCV leads 
from the AN/ICC-13, Both arrangements resulted in the tone being interrupted 
20 times a second, but one arrangement produced a longer burst at the end of 
the signal and this long burst was enough to operate the SF unit at the 
distant end, 


4. Comment: 


Typical of many "little" interface problems. 


IX @ 17 


AN/TCC-13 


Ficure |X-Bt ICS -AN/TCC-13 SIGNALLING INTERFACE 
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G. A TYPICAL SIGNALLING INTERFACE PROBLEM: 


A memorandum prepared by Mr. C.W. Holley is reproduced below. Mr. 
Holley, of Page C&I, was assigned to work with Networks Branch as a 
member of the !CS Cutover Commitee. 


SCCVRG=PO-NW 24 February 1968 


MEMORANDUM FOR RECORD (Mr. Holley) 
SUBJECT: Signalling toward a WECO 302A key telephone system. 


1. Background: 


At Phu Cat the Air Force radar approach control station is equipped 
with a WECO 302A KTS (key telephone system). This particular 302A instal- 
lation would not accept 20Hz ringing from the Phu Cat {CS EE building. 
Signalling the other direction gave no difficulty since the 302A sends 20HZ 
toward the [CS ringdown converter. Investigation by Mr Dermako, Phu Cat 
M&O supervisor, and T/Sgt Hoffsmith at the radar approach control revealed 
the fact that the 302A requires a dry loop closure from the ring down converter 
to signal incoming. 


2. Solution to Problem: 


The modification to the Collins 20B1-MX AC ringdown converter to 
provide the dry loop is very simple, but is most conveniently done to 
certain converters depending on their location in the bay. 


Figure IX-G-1 illustrates the routing of the 20HZ supply bus 
on the back of the ring down converter bay. 


Y Ti aaa 6 MOUNTINGS PFR SHELF \ 


Figure IX += G =I 20 HZ Bus On Back Of Ring Down Converter Mountings. 
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The modification consists of replacing the 20HZ with a 600 ohm 
resistor. Lift the 20HZ bus from punchings 12-13 or 21-22 and solder a 
600 ohm resistor across the punchings (12-13 or 21-22). 


Look again at Figure IX-9 and it is obvious that the neatest job 
can be done on the bottom two converters on the far right. These will 
be converters 2 and 3, 26 and 27, 50 and 51 etc. Add 24 to get the number 
of the next two. There are 24 converters per shelf. 


It is possible that the next 302A installation that crops up will 
be equipped to both send and receive’ 20HZ signals, WECO provides ring 
down trunk circuits for other types of KTS's (they call them key telephone 
unit, KTU) and future 302A's may be so equipped. Each installation will 
have to be thoroughly examined before modifying the iCS converter. 
If at all possible, avoid the modification; of course, modification may 
be necessary in order to provide service. 


X. DC CIRCUITS AND PATCH PANELS 


DC circuits (teletype) always seem to cause much more trouble than 
voice circuits do. Conceptually, dc circuits are no more difficult to 
understand, but they are certainly "merciless" compared to audio circuits, 
Many mistakes can be made in either the engineering or the installation 
of an audio circuit, and yet it will still operate, although the perfor- 
mance will be degraded. For de circuits, almost any error is enough to 
cause complete failure. — 


The purpose of this chapter is to give only a brief introduction to 
the subject. Some of the common types of circuits will be described, 
common terms will be defined, and a few interface situations will be 
illustrated. A detailed discussion of the activation and restoration of dc 
circuits can be found in RCG LL TCG S&P. 


A. 14CS VOICE FREQUENCY CARRIER TELETYPE (VFCT) TERMINALS: 


The fixed-plant {CS teletype carrier terminals provide both SEND 
and RECEIVE battery internally, This means that a subscriber's teletype 
equipment may be connected directly to the channel terminals (Figure X-1), 
The exact value of the "loop current" is adjusted on the loop current power 
supply bay or the terminal itself. Some of the terminals have the capa- 
bility to operate with either 60 ma or 20 ma loop current by merely changing 
one switch. However, to completely remove the internal line battery from 
the circuit usually requires internal wiring changes(this is the case for 
the #CS AN/FCC-25 and AN/FCC-19 telegraph terminals), 


There are often several built-in options available for loop current; 
however, efficient technical control operation dictates that there be one 
standard option used for all systems appearing on the dc patch panels. If 
this is not done, the patching capability is greatly reduced and testing 
of circuits becomes quite slow since each type requires different test con- 
figurations. 

The standard for {CS VFCT terminals is: 

1. DC 60 ma neutral negative signal (positive battery is ground). 

2. Battery provided internally on both SEND and RECEIVE loops. 

Be. TYPES OF CIRCUITS: 

1. Full-duplex: 


A full-duplex circuit provides simultaneous two-way service 
between the two subscribers (Figure X-2) 


2. Half-duplex: 
The half-duplex circuit provides transmission in only one 


direction at a time. It is common practice to connect the SEND and REC 
equipment in series to provide "reversible" service (Figure X-3). 


X-1 


3. Multinvoint: 


The multinoint circuit is extremely nonular in Vietnam, A four- 
subscriber system is shown in Tigure X¥-4, Note that the S™™ and RFC eauin- 
ment at each subscriber station has been connected in series to onerate 
half-dunlex. Would it be possible to have a full-durlex mitinoint? Ob- 
viouslv not since there are not sernarate transmit and receive raths, Another 
Point to note in Figure X-4 is the fact that there is only one closed rath: 
for the de signal throngh all the eauinment. The nresence of more than one 
closed nath, unless they are vrorerlv "isolated" (i.e., electrically sena- 
rated), usua’ly results in an increrative cirenit. 


c. {CS Deo PATCH PANETS: 


The commlete circuitry for the ICS Of Patch ie auite complicated and 
a complete exnlanation would be of little vaJvue here. However, the im 
portant features of the de jacks and cut keys shovwld he understond, There 
are two types of jacks -— "Jooping or monitor jacks" and "set jacks", 


1. Monitor or Looping Jacks: 


In order. to monitor a teletvne cirenit the de signal-mst nass 
through the monitor eauipment. Note in Figures X-5 and 6 that the MCN faaks 
are placed in series in the line. Also, note that the natch enrd shoiutd he 
connected to the monitor eauinnent before the nlug is inserted into the MON 
jacks or an oven line condition will result. There are usually two MON jacks 


so that the circuit on either side of the set tacks can he checked senaratelv, 


2. Set Jacks: 


Set Jacks are provided to disconnect the LINE and BONTP sides of 
the circuit while still providing closed Joons.amM vroner batterv conditions 
on each side(Figures X-5 and 6), When the LINE jack is used, the natch 
cord is connected te the VFCT terminal and "marking" or "hold" batterv is 
sunplied to the subscriber. When the “OQUIPMENT jack is used the natch cord 
is connected to the subscriber's eauinment, and the FCT terminal. has a com= 
vlete loop through the closed jack contacts to sround. 


Note in Figure X-5, showing the REC™IVE jacks, that the "rings" 
on both loop jacks are grounded. The same is true for the SEND jacks 
(Figure X-6), Since the battery is on the R (ring)-lead of the S™ND ter- 
minal, this lead can pot be grounded, The normal full-dunlex connection 
is shown in Figure X-6. Note that the R lead of the SEND circuit bynasses 
the !CS de jacks. A close and detailed analysis will show that this is 
necessary for proper overation of the natch board, 


3. Cut keys: 


Operating the CUT KEYS on the DC Patch Panel causes the eouipment 


and terminal loops to be separated, and each loop is closed individually 
with the proper battery condition. The effect obtained is t he same as if 
shorted plugs were inserted in both the LIN and &QUIP jacks. There are 
separate CUT KEYS on the SEND and RECEIVE sides of the circuite A light 
on the jack field indicates a CUT K&Y has been turned, 


D. (CS THROUGH = STATION CONNECTION: 


The through-station connection is quite simple (Figure X=7), It is 
used to extend an incoming VFCT channel out over another system, Because 
of the arrangement of the battery supplies in the ICS VFCT terminals, it 
is not possible to make the connection directly as shown in Figure X-7. 
In fact the only connections made are shown in Figure X-8, 


E. ISOLATION RELAYS: 


The isolation relay was described earlier in Section VI-C-8. In the 
discussion below on some of the uses of isolation relays, only the basic 
input and output windings will be considered (Figure X-9). It is 
assumed that the bias winding has been adjusted for proper operation, 


1. Fixed-plant and Tactical VFCT DC Interface: 


A very common use of isolation relays here in Vietnam is inter~ 
facing 60 ma fixed=plant terminal with the 20 ma tactical equipment, AN/TCCH 
4,-20. The tactical equipment has only one loop current value possible, 

20 ma, and battery is provided internally just as with the fixed plant equip- 
ment. Since both ICS fixed-plant terminals and 2U ma tactical equipment 
supply battery it is necessary to isolate these two current supplies. The 
resulting interface is obtained by creating separate loops for the 20 ma 

and 60 ma currents (Figure X-10). 


2. Subscriber Provides Battery: 


Often the subscriber wishes to provide his own loop battery. 

This is often done in large comcenters to facilitate in-station testing 
and trouble-shooting. This creates a problem similiar to that discussed 
in paragraph 1 above, since there should be only one battery in each loop. 
The obvious answer is to create two loops as on the RECEIVE side in Figure 
X—11. However, because of the arrangement of the battery supply and the 
ground in the SEND side of the terminal equipment, an isolation relay is 
not necessary if one side of the SEND circuit is connected to the ground 
of the VFCT terminal. 


3. Half-duplex Circuit: 


When the subscriber's send and receive equipment is placed in 
series as in Figure X-3, a problem arises since the SEND and RECEIVE 
portions of the terminal can not be placed in the same loop. Again the 
Solution is an isolation relay inserted as shown in Figure X-12. The 


subscriber's loop current is provided by the SEND side of the VFCT terminal. 
The isolation relay is installed so as to permit: 


a. The RBCEIVE tone converter to control the current in the 
subscriber loop. 


be. The subscriber's transmitting equipment to control the 
current in the loop to the SEND tone keyer, 


Note that the VFCT channel still operates in the full-duplex 
mode, 


4. The Problem of Low Subscriber Current: 


Occasionally here in Vietnam the situation depicted in Figure 
X-13 is encountered. The shunt losses in wet cable and bad splices are so 
great that the subscriber does not receive enough loop current for his 
machines to operate properly. The obvious answer is to put in more current 
at the terminal; however, there is a limit as to how much current can go 
through the VFCT equipment without causing damage. Again, isolatien relays 
provide the answer (Figure X-14). Additional battery supplies which can 
provide the higher current required are available in the loop power supply 
bays. 


F. {C® MULTIPOINT CIRCUITS: 


Multipoint teletype circuits are very common in Vietnam, and because 
of the many links involved and the number of isolation relays used to con- 
nect these links, they are the cause of a great deal of trouble. Two types 
of multipoint circuits possible in the [ICS are discussed below. 


1. Hub Multipoint: 


The hub arrangement shown in Figure X-15 is the desired configura- 
tion for multipoints in the !CS The equipment connections at the hub 
station are shown in Figure X-16. Figure X-16 is for a four-spoke hub 
system with a subscriber at the hub. It can easily be expanded to more 
spokes by adding two isolation relays for each new VFCT channel. Note 
however, there may be only one center or "hub" station. 


2. Half-duplex Multipoint: 


The network configuration for the half-duplex multipoint is shown 


in Figure X-17. This configuration allows more than one "multipoint" station; 


however, it is not recommended for the |C& since it requires a large amount 
of equipment and is more difficult to adjust properly. The equipment connec- 
tions for a multipointing station are shown in Figure X-18, This configura- 
tion is also expanded by adding two isolation relays for each additional 
VFCT terminal, and it may have as many "multipoint" stations as desired. 


G. MULTIPIE DROPS: 


Often it is desired to have more than one de subscriber on a circuit 
at a terminal. This is only possible with half-durlex cirenits. Tf the 
sum of the loop resistance to all subscribers is not too great, this service 
can be provided by connecting additional stations in the half-duplex lnon 
(Figure X-19), If the total loop resistance of all loons is too high, then 
separate loops mst be established using isolation relays (Figure ¥-20), 
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Figure X-2 Furtt=DuPcLcex CIRCUIT 
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FIGURE X=4 MULTIPOINT CIRCUIT 
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Figure X-9 Basic ISOLATION RELAY 
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Figure X-10 FIXxED-PLANT AND TACTICAL VFCT INTERFACE 
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Figure X=-13 Low SUBSCRIBER CURRENT 
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CIRCUIT ACTICNS 


Complete details on circuit activations and realignient are given 
in the RvG Long Lines Technical Control otandards and Practices: 


ITEM NR 


0201 
0211 
0212 
0221 
0231 


0241 


X1-1 


TATLE 

Circuit Activation Documents 
Standard Activation Procedure 
AUTOSEVCOM Circur.t Conditioning 
Engineering Changes to ICS Uirciuts 
Expedited Circuit Activation 


Standard Circuit Configuration 


XU. SYSTEM CONTROL PROCEDURES, REPORTS, AND «SCOKDS 


In order to operate smoothly and efficiently in a system of the 
size and complexity of the ICS, established control procedures must 
be strictly followed, and the reports and records required to support 
these procedures must be completed in a timely end accurate manner. 
A brief sumiary of control nrocedures, reports, and records utilized 
is presented in this chapter to provide you with a few key points 
about this aspect of the ICS. 


The first step for every individual concerned with the control of 
the ICS is to read anc understand these basic references: 


BCAC 310+-70-1 DBCS Technical Control 
DCAC 310-55-1 Operational Directional Manuai of the LUS 
RCG LL TOG S&P 


Within these references you can find the information you need or 
you will be referred to another applicable document. As always, there 
is still room for improvement, especially in a system as new as the 
ICS; thus you, the operators of the system, are encouraged to come 
forward with your suggestions as to improvements that can be made. 


A. CONTROL PROCEDURES: 


You will find that the control procedures governing the ICS differ 
only slightly from those utilized for the SAWBS, and the bCS in general, 
These modifications generally involve the area of circuit actions (see 
Chapter XI for further detailed references) and are the results of adapt- 
ing a fixed station system to the ever-changing combat environment we 
operate in. 


1. DCA Procedures: 


The control procedures uttilized by DCA~SAM are clearly described 
in DCA directives and circulars, in particular the two noted above. 
The management role of DCA is executed in part by the allocation of 
resources (routing of circuits by assignment of channels) and schedul- 
ing of circuit actions. The scheduling of actions is closely coordinat+ 
ed with Engineering Branch, kegional Communications Group so that the 
workload on any one technical control can be regulated. Circuit rout- 
ing {channel assignrent) is solely a DCA function. DCS-SAM also exercises 
a certain degree of "technical control" over the ICS, as well as the 
entire SHAWBS, by preparing and issuing TSO's, The final, and perhaps 
the most important, aspect of DCA management control is the monitoring 
of the operational status of the system as well as individual circuits. 
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One of the most effective control procedures used is the appoint- 
ment of a Coordinating Technical Control for each circuit. The Coor- 
dinating Control is syecificed by PCA in paragraph 2a of the TSO. It 
is the responsibility of that technical control to coordinate and report 
on that circuit from the time of issuance of the activation T50 to the 
completion of the deactivation TSO. This pinpointing of circuit respon- 
sibility goes a long way towards increasing the efficiency of the iCsS. 


2. Kegional Communications Group Procedures: 


The kCG LL TCG S&P provides a single source for locating kUG direc- 
tives setting forth policy and euidance that is not inciuded in other 
applicable documents or regulations. Individual S&P items are used as 
the media to standardize operational procedures within itu. 


The assignment of individual items of 1C5 conditioning equipment is 
controlled entirely by Kegional Communications Group. The Circuit 
Engineering Section of Engineering Branch, kOG, makes the exact equip- 
ment assignment for each ICS circuit as engineered by LCA. These equip- 
ment assignments are transmitted to the sites by TTY message. it is 
esseitial that these assignments be exactly followed and any changes 
necessary due to faulty equipment, double assignments, etc, be closely 
coordinated with Engineering Branch before activating the circuit. 


B. REPORTS: 


An essential compoiient of any control procedure is an effective 
"feedback" mechanism that provides accurate and timely information 
conceming system performance. The primary form that feeback takes 
in the ICS is the "55-1" report. These reports on activations, de- 


activations, outages, restorations, alt-routes implemented and exceptions, 


are vital to both DCA and Regional Communications Group. You should 
set a goal of perfection in "55-1" reporting procedures and settle for 
nothing less. 


1. DCA Reports: 


The principle guide to PCA reporting requirements and formts is 
DCA Circular 310-55-1, "Operational Dir=ction of the Defense Communi- 
cations System (DCS)". in fact, nearly all ICA reports fall into the 
category of "55-1" reports. DCAC 310-55-1 is of such importance that 
every DCS station should have at least two copies, one of which should 
be readily accessible. to the personnel preparing and submitting the re- 
ports. Each DCS station should also have a copy of the DCA-SAM , DCAC 
310-55-1 Training Guide, published in Uctober 1967, by that agency to 
facilitate understanding of PCAC 310-55-1. DTD September 1969 DCAC 
310-55-1 supps Dtd 22 December 1969. 


It would be impractical to have every DCS station report directly 
to the DCA operations center. The procedure followed is to designate 
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some large, centrally located stations as reyorting stations. all 
other stations, (those being reported on) Submit their reports to the 
reporting stations for further transmission to the LCA operations 
center. The method of transmitting these reports to DCA is by use of 
dedicated teletype circuits directly to the operations center. 


At the present time ail but one of the reporting stations are 
operated by the iegional Communications Group. The revorting stations 
as of 16 April 1970 are: 


Tan Son Nhut Nha Trang 

Ta Nang Can Tho 

Phu Bai Pleiku 

Long Binh Vung Chua Mountain (opei'ated by 21st 


Signal Group) 


The following types of DCA "55-1" reports are of primary interest 
to the operators of the ICS. 


a. Activation, realignment, and deactivation of circuit 
trunk groups, and systems. 


b. Activation and deactivation of "on-call" circuits and 
patches. 


c. Exception reports on non-completion of TSO action. 

d. Reroute and pre-emption action. 

e. Outage reports of circu.ts, trunk groups and systems. 
2. Kegional Communications Group Keports: 


RCG utilizes the "55-1" reports submitted by the technical 
control to DCA in basically the same minner as that agency does. The 
requirements for all reports submitted to kCG are based on the need 
for operational information and for the supervision of circuit activa— 
tions and realignments. In addition to the "55-1" reports, there are 
other reports, whose formts and submission requirements are contained 
in RCG LLT(G S&. 


a. Kequired reports on TSO status: it has been found much more 
efficient, and requiring less effort to all concerned, if all inquiries 
regarding ICS circuit actions are made to the Circuit Control Section, 
Engineering Branch, RCG. However, in order to answer these inquiries, 
the Circuit Control Section requires accurate and timely reports on the 
status of PCA TSO's, 
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Ce. KECOKDS: 


1. bCA wecords: 


The reference for DCA records in DLA Circular 310-70-1 "bes 
Technical Control, Vol Ii itrocedure 11. The PCA records that must 
be maintained in the IUS technical control are: 


a, Station Log 
b. Circuit Layout xecord (CL) 
ce Trunk Layout secords (TLR) 
d. (1441 cards) TSO 
2. Regional Cornunications Group itecorcs: 


a. Gircuit Nistory File (Ref: S&P Item Nr. 0820-01): This 
S&P prescribes the manner in which the CLit's, TLa's, and TSO will 
be filed. 


b. Equipment Utilization kecords (Ref: Sis’ Item -ir, 0820-01): 
Each Technical Control must maintain records on the utilization of all 
conditioning equipment. feriodically, these records will he compared 
to the records mintained by Engineering Branch, hCG and the discresancies 
adjusted. 


c. Performance kecords (S&& Item to be issued): Lach 1Cs ) 
Technical Control will keep statistical data on circuits, channels, 
groups or supergroups as to efficiency, outages, reasons for outages, 
and corrective actions. These records will be kept a minimum of 6 
months for possible analysis. 
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XIII, SECURE VOICK SYSTEMS 


A. HISTORY: 


There has always been a need in the military for private or secure 
communications. Special couriers, intricate codes, cyphers, and false 
messages were but a few of the means used by the armies of the past to 
obtain secure communications. ‘This need for secure communicétions still 
exists. 


Both teletype and telephone services can be made secure. Security is 
usually achieved by making the transmitted information indecipherable to 
the enemy. This is normally done by encrypting the information, trans- 
mitting it, and then deciphering the information at the receiving end. 


B. THEORY OF SECURE VOICE TRANSMISSION: 


Human speech is transmitted through the air as a series of compressions 
and rarefactions of air pressure. These can be represented as a continuous 
waveform composed of frequencies from 20 to 29,000 Hz. Only frequencies 
between 300 to 3,000 Hz are required, however, to reproduce good intelligi- 
ble speech. A normal telephone converts speech waves into electrical audio 
frequency waveforms, transmits them, and then reconverts them to speech- 
waves at the distant end. If carrier systems are utilized, the audio waves 
are modulated to 4 new frequency for transmission, but the waves are still 
continuous. 


A means to scramble or encrypt the voice information must be utilized 
if secure voice is to be achieved. It is difficult to encrypt a continuous 
waveform and then accurately decipher it at the distant end. It is less 
difficult to encrypt and then decipher a series ot discrete pulses. This 
is what secure voice equipment actually does. The original continuous 
audio wave form is first converted to a series of discrete pulses and then 
the discrete pulses are scrambled according to a prearranged code. At the 
distant end, the pulses are de-scrambled and reconverted to audio frequen- 
cies. 


To represent audio wave forms as a series of discrete pulses the audio 
wave amplitude is first samaled at frequent intervals. Each sample is 
represented by a discrete pulse code representing the amplitude of the 
sampled wave. The quality of the reproduction is closely related to the 
sampling rate. Within certain limits, a high sampling rate will produce 
a more accurate representation of the audio wave since the sample intervals 
are much closer together. High sample rates imply narrow discrete pulses. 
Unfortunately, the bandwidth required to pass narrow pulses is greater than 
that required to pass wide pulses. Thus, the quality of a secure voice 
circuit is directly related to its transmission path bandwidth. 
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Both narrowband (3 kHz) and wideband (50 kHz) secure voice equipments 
are used in Vietnam, The narrowband equipment is designed to pass over 
standard 3 kHz telephone circuits. The 3 kHz bandwidth limits the pulse 
rate, however, so that speech quality is poorer than normal telephone 
quality. Wideband secure voice equipment is designed for use on short, 
specially dedicated wideband circuit paths. Excellent speech quality is 
achieved with wideband equipment. 


Both wideband and narrowband equipment must be synchronized with each 
other, Without synchronization, the receiving equipment will be unable to 
correctly decipher the pulses and severe distortion or garble will result. 
Great care must be exercised to insure that accidental disconnects, mis- 
patches, and path noise and level shifts are minimized. Each can cause the 
secure voice equipment to lose synchronization. Loss of synchronization 
requires that the circuit must be re-established and re-=synchronized before 
secure voice communications can be continued. Since all secure voice cir- 
cuits in Vietnam pass extremely high priority traffic, every effort must 
be made to avoid even momentary disfuptions. 


C. SECURE. VOICZ S¥STEM IN VIETNAM 


AUTOSEYOCOM (Automatic Secure Voice Cowmunications) is an automatically 
switched secure voice communications system currently being installed on 
a world-wide basis. AUTOSEVOCOM, Phase I, is now being installed in 
Vietnam. A non-automatic secure voice system, TALK QUICK, is currently 
in operation in Vietnam providing an interim AUTOS®VOCOM capability. 
Future expansions of the secure voice system in Vietnam will be referred 
to as AUTOSEVOCOM rather than TALK QUICK. ) 


The secure voice system presently consists of the following: (igure 
XIII-1) 


a. A secure voice access console (SEVAC) 
b. An automatic dial exchange, AN/?fTC - 31 


c. Narrowband (3kc) and wideband (50kc) subscriber terminals 
with trunk connections to a switchboard 


(SEVAC) provides tte interface between the wideband 
and narrowband subscribers. AN/FTC-31 subscribers (AUTOSEVOCOM) have a 
dial capability to other AN/FTC-31 subscribers, but must use the operator 
at a manual switch for access to non-AN/FTC-31 subscribers. 


Narrowband trunks are terminated at the Phu Lam overseas switchboard 
(JOSS) to provide access into the Pacific area secure voice network. 
Access to this network allows connection to secure voice subscribers 
wor ldwide. 
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These narrowband trunks are high priority (1D), specially conditioned 
circuits to support secure voice traffic. Any changes to the circuit 
routing requires extensive tests and reconditioning of the circuits. 
Specific instructions have been given technical controls on the proper 
test of secure voice circuits. When the circuit is idle, a 2600 Hz tone 
at the proper level is normally sufficient to indicate that the circuit is 
operating properly. The 2600 Hz supervision tone should be 20 db below 
standard test tone levels listed on the CIR Card. Circuits should not be 
tested with operational traffic being passed. Any interruption of the 
signal or significant change in levels will cause the subscriber terminal 
to go into an alarm conditon. Temporarily bridging the circuit will 
indicate if traffic is being passed. A rushing sound is heard in the 
headset. 


Signal Company (AUTOSEVOCOM) organic to the Regional Communications 
Group has responsibility for operation and maintenance of the Army portion 
of the secure voice system in Vietnam and operation of the Network Coordina- 
tion Station (NECOS). The NECOS was organized to provide a single point 
of contact for trouble reporting in Southeast Asia, 


XIII - 3 


W3LSAG 3910A 3YNDIS L-11IX 3uNesY 


(1VAN VR) 


suzgiyosans 


ONVG30IM 
INNS 
ea 
' 
a 
. x 
S$4u3a1yossns LE~OLS/NV ge ea WARS 
ONVa30IM 94 OS 
@83299y 
ON VGMOUUYN 
one ABANNOD 40 LNO 


SuzgaIyosENns 
ONVGMOMYYN —aF OF ssor WYV1 NHd 
AMLNNOD NY 


XIV. DATA SYSTEMS IN VIETNAM 


A. AUTOMATIC DIGITAL NETWORK (AUTODIN): 


During the summer of 1962 the Secretary of Defense directed that 
the DCS be a single intergrated automatic switched communications 
system comprised of an Automatic Digital Network (AUTODIN) and an 
Automatic Voice Network (AUTOVON). This system upgrade improves 
the overall effectiveness of the DCS by increasing the responsive-= 
ness, flexibility, survivability and economy of communications 
through the use of automatic switching technicues. 


The AUTODIN in CONUS consist of nine interconnected Automatic 
Switching Centers (ASC's), their associated subscriber terminals, 
and appropriate DCS transmission facilities. Overseas, the net~ 
work consits of ten Automatic Digital Message Switching Centers 
(ADMSC's), their associated subscriber terminals, relays, and appro= 
priate DCS transmission facilities. Each ADMSC is interconnected 


with adjacent ADMSC's and connects with CONUS AUTODIN throuch designated 


gateway stations. 


High treffic vo lume/high priority subscribers such as manual 
data, DCS teletypewriter relays and AUTODIN subscribers are dire 
ectly connected over full-time circuits into the A!!/TODIN Switching 
Ceneterse 


Two overseas switches are located in Vietnams one ADMSC at Phu 
Lam and one ADMSC at Nha Trange USA Regional Communications Group 
operates both of these switchese The Phu Lam switch was activated 
on 25 March 1968. The Nha Trang switch was activated 25 April 1968. 
The AUTODIN configuration for the Pacific area is shown in Figure 
XIV-1 e 
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XV. L_CABLE SYSTEM 


Since the 439L undersea cable system is such an important link in the 
leng lines systems here in Vietnam, it is helpful and interesting to know 
a few of its features and capabilities. 


A. GABLE LENGTHS (NAUTICAL MILES): 


Da Nang a 

207 
Qui Nhon 

121 
Nha Trang 7 yh 
Cam Ranh Bay 295 whe 

212 

Vung Tau 

612 
Sattahip = 


B, CABLE SIZE: 


The basic cable is a dielectric filled 5/8" coaxial cable. The sea 
portion of the cable uses single armored cable with a total diameter of 
2". On the portion from the sea splice up to the beach, double armored 
cable is used, and from the beach to the cable terminal, it is again single- 
armored, 


C, CHANNEL CAPACITY: 


60 each 4 KHz voice channels are previded. Approximately 25% of these 
_ can be used for VFCT tone packs (loading limitation). The cable terminals 
break down the 60-channel SUPIRGROUP into five 12-channel GROUPS; however, 
the terminals do not have channel MODEM equipment. There is one 12-—channel 
MODEM at each terminal of each link which is primarily for test purposes 
only. The channel MODIMs used for general purposes are in the ICS build- 
ings. There is a voice order wire for terminal—to—terminal communications. 


D. TRANSMISSLON PLAN: 


Since this is physically only a two-wire system, the transmission in 
oposite direction must be separated in frequency. This is accomplished 
by having the "B" terminal transmit in the standard SUPLRGROUP 2 frequency 
band (312-522 kHz) and the "A" terminal transmits in the band from 24-264 kHz. 
The 96 kHz pilot tone is transmitted from the "A" terminal to the "B" ter=- 
minal. 


E. REPEATERS: 


There are active repeaters placed in the cable every 16.8 nautical miles, 
These are tube-type units powered by direct current supplied by the terminals, 
The repeaters are bidirectional, separating the two directions of transmission 
with appropriate filters. 


F. CABLE POWER FEED: 


The submarine cable derives all of its power from the shore station. De- 
pending on the length of the section, either one or both terminals will supply 
DC current to the cable. The cable center conductor is used to convey all of 
the DC power. The salt water and earth itself being the return path to the 
feeding station. The repeaters draw their power between the center conductor 
and the return path. The important feature of the power feed is a constant 
current of 426 milliamperes. This may require a very high voltage, for example, 
the terminal voltage is 1850 volts on the Vung Tau - Sattahip link which is 
fed from both terminals. 


G. COMPANIES INVOLVED: ) 
Engineered by: Page Cemmunications Engineers 
Installed by: Under Sea Cable Corporation 
Cable mamfactured by: Simplex 
Terminals and repeaters manufactured by: Felten and Gailleaume of Germany 


H. {CS INTERCONNECTION: 


Under Modification Number 6 to the Area 1 !CS contract, LOS microwave 
links were installed between each cable terminal in Vietnam and the nearby 
S terminal. These are AN/FRC-109 systems, operated and maintained by Reg- 
ional Cammunications Group, 
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XVI. Satellite Communications 


In the field of Military Communications, reliability and high 
quality are of major importance. One of the latest techniques used, 
that of communication by satellite relay, promises both of these 
features plus a long distance canvability with relative ease of es- 
tablishment. 


Until December 1967 there were two satellite vrorrams being 
implemented in RVN. The first program was the Svnchronous Commmications 
(SYNCON) Satellite program, using two satellite relays in synchronous 
orbit. Five transportable ground terminals were in operation carrving 
communications across the Pacific to the U.S. One of these terminals 
was in RVN and utilized an AN/MSC-44 located at Ba Queo. It was taken 
out of traffic in December 1967. 


The second program, the Initial Defense Communications Satellite 
Program (IDCSP), remains in use and provides an operational system (TDCSS) 
capable of global communications via a belt of satellite relavs circling 
the earth above the equator. The satellites were carried as a package 
into final orbit by a TITAN III-C rocket. A trans-stage was then used 
to accelerate the package while the sate’lites were sequentially ejected. 
In this way, a different velocity and orbital neriod was imparted to 
each of the nineteen satellites enabling a slow, random dispersion. The 
satellites are in near synchronous orbit at an altitude of 18,200 miles, 
randomly dispersed around the globe. A given ground terminal "sees" 
the satellites continually drifting into, through, and. out of his field 
of visibility; thus any two or more satellite ground terminals having 
mutual satellite visibility can communicate. The maximum power outvut 
of the IDCSP satellites is two noint five (2.5) watts with a bandwidth 
of 20 mHz. An experimental satellite was launched on 2 July 1967 that 
has an increased power output of avproximately 16 watts. Because of the 
omnidirectional antennas on the satellites, the ground terminals must have 
extremely sensitive receivers. This sensitivity is achieved through the 
use of supercooled parametric amplifiers. The parametric amnlifiers are 
cooled with liquid helium to a temperature of -245 defrees centigrade. 
Three (3) ground terminals were initially deploved to sites located in 
West Germany, Hawaii, and the Phillinpines. The initial terminals have 
been supplemented by eight (8) additional AN/MSC-L6 terminals, two of which 
are located in RVN, one (1) at Ba Queo (see fisures 1 and 2) and one (1) 
at Nha Trang. The Ba Queo circuits terminate at Phu Lam and Kunia, Hawaii; 
the Nha Trang circuits terminate at GUAM, 


The AN/MSC-46 terminals have a capacity of twelve (12).four (4) kHz 
VF Channels. The transmit frequency is preset within the range of 7.9 to 
8.4 gHz with an output power of up to 10 Kw. The receive range is from 
7.25 to 7.75 gHz. 
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The operational control of the IDCSS is the Satellite Camnuni- 
cations Control Facility (SCCF) colocated with the Defense Communi- 
cations Agency Operations Center in Arlington, Virginia. The SCCF is 
responsible for overall system control and assigns schedules and 
satellites to link terminals for subscriber use. The satellite circuits 
are tied into the Integrated Wideband Camunications System (1!CS), here 
in Vietnam, and are used to provide service throughout the world. Present- 
ly the satellite circuits are used for out-of-country communications through 
the Hawaii and GUAM ground terminals, where thev can be routed over an 
underséa cable to destinations in CONUS and points bevond. The alternate 
route is a direct path from Vietnam to Camp Roberts, California; however, 
due to the transmit-receive angles involved the circuits on this path are 
of lesser quality. 


Figure XVI ~ 1 Ba Queo Satellite Terminal 
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XVII. ICS QUALITY ASSURANCE AND OPERATIONAL EVALUATIONS 


A. GENERAL: 


The ICS quality assurance program is conducted in accordance with 
the references listdéd in paragraph B. The purpose of this program is 
to insure that the ICS performance is of the highest quality possible. 


Regional Conmunications Group and the Defense Communications Agency 
Southeast Asia Mainland provide independent teams which perform periodic 
quality assurance and operational evaluation inspections on technical 
control, tropospheric scatter radio and microwave radio facilities. AULQL, 
lst Signal Brigade, alsl has a team which performs periodic quality 
assurance inspections and technical control evaluations, 


B. REFERENCES: 


DCAN 210-0-1 DCA Numbered Publications 

DCAC 310-55=1 Operational Direction Manual 

DCAC 310-70-1 Technical Control Procedures (4 Volumes) 

DCAC 300-175-9 DCS Circuit Operating Standards 

DCAN 330-10-1 Communications—Electronics Terms 

DCAN 330-175=1 Engineering-Installation Standards 

ACP 131 (B) Comaunications Instructions Operating 
Signals 


Regional Communications Group Long Lines Technicél vontrol Standards 


and Practices 
lst Signal Brigade Standing Sigial Instructions 


C. PROCEDURES: 


1. The prime element of any quality assurance program is the support 
of the operating station. Without this support, such a program can hard- 
ly be successful. For this reason it is imperative that site conmanders 
vigorously implement the detailed quality assurance directives contained 
in RCG LL TCG S&P and DCA publications. Questions concerning specific 
quality assurance procedures not covered in these should be referred to 
Quality Assurance Branch, Hqs, KCG. 


2. ACOC and Regional Communications Group quality assurance teams 
will periodically visit all ICS technical controls. The purpose of these 
visits is to provide CG, lst Signal Brigade aad CO, RCG with information 
as to the effectivdness of the on~site implementation of the quality as- 
surance program, 
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3. The DCA-SAM team periodically visits the DCS technical controls 
and the najor relay stations. This team performs operational evaiuation 
inspections. Reports of these inspections are forwarded by Chief, DUA-SAM 
to MACV J-6. A check-list of Technical Control wlity Assurance and 
Operational evaluation is reproduced on the following pages. 
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TECH CONTROL QUALITY ASSURANCE/OPERATIONAL SVALUAT LUN 


CHECKLIST 


1. Publications, Forms, Reporting. 


ae Are current editions (with posted changes) of the following 


publications held by the Tech Control Facility? 


IDENT IF ICAT LON 
DCAN 210-0-1 


DCAC 330-10-1 


PCAC 330-175-9 


RCAC 310-55-1 


PCAC 310-70-1 


ACP 131 


BCAC 330-175-1 


b. Are all documents relative to classified operational 
mtters (restoral plans, etc) availiable to personnel whose duties 


require them? 


c. Is a separate reporting section authorized for DLAC 310- 


55-1 actions? 


d. Does in=station SOP ensure accuracy and timeliness of 


TITLE 


RCA Numbered Publications 


Communications=lectronic 
Terms 


LCS Circuit Operating 
Standards 


Operational Direction 
Manual 


Tech Control Frocedures 


Cormaunications Instructions= 
Operating Signals 


Engineering-—Installation 
Standards 


PCAC 310-55-1 reports? 


e. Are procedures for reporting trunk and circuit status 


and backlog conditions adequate? 


f. Are the following BD forms listed in DCAC 310-70-1 (or 
suitable substitutes) being used by the facility: 


XVII-3 


YES 


NO 


YUS NO 
Master station Log (para 11-2): -) 


Analysis of Channel Operation orm, DD 1440 (para 11-40: 


Circuit kecord Form, 1 1441 (para 11-9): meses: es 
Owmlity Control Log (para 11-10): feet sales 
Circuit Layout hecord (pera 11-12) (prepared by DCA-SAM): _ _ 
Tech Control Cormunications Work Order Form, DD 1445: bette Aen) 
Quality Control Circuit Test Schedule (para 4-3B): Sa «fea 
Qwality Control Equipment Test Schedule (para 4-3C): Seen er ees 


2. Procedures. 


a. iseview station SU! for completeness in meeting DCS 
standards with particular attention te the following: 


(1) Are schedules for periodic testing posted and 
followed to insute circuits meet DCS standards? 


(2) Are procedures prescribed for each emergency 
action involving: 


(a) System failure: 

(b) Power failure: 

(c) Air conditioning failure: 
(d) Cable failure: 

(e) Jarming: 

(f) Interference: 

(g) Natural disaster: 

(h) Enemy attack: 


b. bo circuit records list coordination points or 
contacts to correct circuit/system problems? 
c. Are circuit outage records maintained? 


d. Are controllers familiar with plans for rerouting 
circuits and trunks for wiiich the facility is responsible? 
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e. Are pre-planned reroutes available for circuits 
with a restoration priority of one and two? 


f. Are listings mintained indicating restoration 
priorities for each circuits? 


g, Are circuits preempted in accordance with 
restoration priorities? 


he. Are "down circuits" returned to service in 
accordance with established restoration priority? 


3. Facilities (refer to general information sheet 
prepared by Facility WIC). 


a. Is equipment adequate to meet exising and known 
future requirements? 


b. aAre operational coordination and inter=conmmuni- 
cation facilities between tech control and associated 
locations adequate? 


ce. Is adequate test equipment available to perform 
telegraph distortion measurements? 


d. Has test equipment been calibrated as required 
by MILDERS? 


e. Is test equipment properly maintained and 
serviced? 


f. Has appropriate action been taken by the 
facility to obtain needed items of test equipment? 


g. Are circuit patching facilities adequate? 
4. Operations. Observe the following (DCAC 310-70-1): 


ae Are controllers familiar with DCA directives and 
their availability? 


b. Are controllers familiar with restoration 
procedures? 


ce. Are DCS circuits assigned to the proper channels 
as specified. by CEO? 


de Are non-DCS circuits assigned to DCS systems? 
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NO 


YES NO 
e. Does the controller cooperate and coordinate with 
distant stations and with other components within the 
station? 


f. Is the subscriber notified of circuit restoration? 


g. Are DCS users being informed of thear responsi- 
bilities as prescribed in para 3800, DCAC 310-55-1? 


h. Is there an effective on-the-job training program? 


1. Is there a Daily Notice program in effect? 


jd. Has any attempt been made to implement a technical 
controller exchange program with connecting stations? 
(DCAC 300-210-1 ) 


5. General VConments: 
a. bo tech controllers exhibit a sense of urgency in 
MHaitaiuie ieliable conmunicatioas? 


b. what is the attitude toward DCA reporting in 
accordance with DCAC 310-55-1? 


c. Is there a shortage (below authorized manning 
levels) of trained tech control personnel which degrades 
the quality of DCS control actions? 
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XVIII. MISCELLANEOUS TOPICS 
A. TELEPHONE SIGNALLING - By C. W. Holley, Page Engineer. 
1. General: 


The first telephone transmitted and received voice intelligence 
only, and that not very well, As its ability to transmit voice was 
improved, it was soon apparent that a means of attracting the attention 
of the called party was necessary. The small battery which supplied cur- 
rent to the telephone set's transmitter did not transmit current to the 
line connecting the two telephone sets, so it could not be used to signal 
the other end. A separate source of signalling energy was necessary and 
the hand powered 16-20 Hz, 85-90 volt AC generator has proven to be a 
good solution. The same system is used in the TA-312 field telephone, 
and Western Electric still manufactures such mgneto tel sets. 


Let's stop for a minute and translate some of the words used so 
far into telephone language. The battery which supplies current to the 
telephone transmitter is called TALK BATTERY. The hand-cranked ringing 
generator is called a MAG (‘short for mgneto), A telephone is frequently 
called a TEL SET. A tel set with a mg is called a MAG SET. 


We have already mentioned voice transmission and signalling. A 
telephone system is designed to transmit and receive only those two types 
of intelligence. We will not consider signalling in it's broadest sense; 
ie, data, telegraph, etc., but we will consider only: attention getting, 
selecting, and supervisory signals. 


2. Attention getting signals: 


The 20 Hz, 85 volt energy generated by the calling party with a 
mag tel set is transmitted over the line to the distant tel set and causes 
a bell to ring. The bell is called a RINGER. Figure 1 depicts a highly 
simplified mg tel set telephone circuit. 


TALK BATTERY TALK BATTERY 


Figure XVIII - 1 Simplified Telephone Circuit 
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Such tel sets are also called LOCAL BATTERY tel sets because the talk 
battery is located "locally", in the case of the tel set. A COMMON 
BATTEXY tel set gets its talk battery froma centrally located, large 
capacity battery which may supply talk battery to thousands of tel sets. 
Thus we can say the battery is "common" to many tel sets. 


Figures 2 and 3 depict respectively local and common battery 
telephone circuits. 


oF 
Local Talk Local Talk 


Battery Battery 


Figure XVIII - 2 Local Battery Circuit 


Figure XVIII ~ 3 Simplified Common Battery Circuit 


Ringers and generators are not shown — we want to emphasize the difference 
in talk battery source. Both local and conmon battery tel sets are equipped 
with a switch called a HOOKSWITCH which operates to close the talk battery 
circuit through the transmitter when the telephone is lifted off its hook 

or cradle. 


Let's now discuss common battery signalling in detail. The common 
battery supplies current for the tel set transmitter. This current can be 
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passed through a relay winding and provide a signal function. Figure 4 
is a more detailed schematic of a common battery circuit's relay 
configuration. 


Figure XVIII - 4 Use of Relays in Conmon Battery Circuit 


When tel set A calls tel set B, current flows from the common battery 
through winding of line relay A, over the line through the transmitter of 
tel set A and back over the line to the common battery. Thus tel set A 
has talk battery (current) and line relay A operates. The contacts of 
line relay A cause a relay to operate which imposes 20 Hz signalling toward 
tel set B. When tel set B answers, his transmitter receiver talk battery 
through a cut-off relay winding which operates and cuts off the 20 Hz. The 
two can then talk. The operation of the line relay can also be used to 
signal a switchboard by lighting a lamp. 


Here's some more telephone language. When a tel set is picked up 
preparatory to making a call, it is said to GO OFF HOOK or to be OFF HOOK. 
When a tel set user hangs up the tel set, it is said to GO ON HOOK or to 
be ON HOOK. The line from the common battery consists of two wires called 
a PAIR. If in a cable, a CABLE PAIR. The two wires are referred to as 
a LOOP. When the tel set is ON HOOK, it is an OPEN LOOP. When the tel 
set is OFF HOOK, it is a CLOSED LOOP. The two wires of a pair are called 
the TIP (T) and the RING (RK). This terminology is a carry-over from 
manual switchboards. A switchboard plug has three conducting elements as 
shown in Figure 5. 

-- ~ DEAD COLLAR 


- 


~~? | 
RING 


Figure XVIII-5 Conducting Elements of a Switchboad Plug. 
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The T of the plug is connected to the pair tip conductor and the k to the 
pair ring conductor. The sleeve (S) lead is used for local circuit con- 
trol functions, Common battery is instalied with its positive terminal 
grounded and is represented schenatically as shown in Figure 6. 


“= 48s ~S— «2h 
= VOLT. | VOLTS 


Figure XVIII - 6 Battery Installation 


Normally the K conductor of the telephone pair or loop is connected to 
negative battery and T to ground. 


So far we have discussed two types of signalling: Local battery and 
common battery. In our discussion we have considered telephone circuits 
using only two tel sets. Local battery signalling is usually referred to 
as 20 Hz SIGNALLING, though Hz is 2 word used to replace the old word cycle/sec 
and you'll also hear it called 20 CYCLE SIGNALLING. Its use is not 
restricted to local battery systems, though that is its origin. Common 
battery signalling is also called LOOP SIGNALLING or WET-—DiiY SIGNALLING. 
A loop is wet when one of its conductors is normally connected to battery 
and the other to ground, A DRY LOOP has neither battery nor ground stand-~ 
ing on it. 


We can now refine our terminology further by saying that there have 
been two types of signalling discussed so far: 20 Hertz and LOOP. Here 
are some simple block diagrams illustrating “attention getting" signalling 


(combinations of LOOP and 20 Hertz). 


MAG 20 kz ==> 


TEL 
SET @— 20 Hz 


Figure XVIII - 74 Attention Getting Signalling 
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TEL Loop ——»> 20 Hz _—_ 


SET 
| <— 20 hz 


MANUAL 
SWITCHBOARD 


COMMON 
BATTERY 


Figure XVIII - 7B Attention Getting Sigmlling 


3. Selecting signals: 


Now let's consider selecting signals, sometimes called address 
signalling, Twenty Hz is still used to provide semi-selectivity on 
subscriber lines with three or more parties. Twenty Hz is passed to 
either the T or Kk of the line in "code groups" of 1, 2, 3, 4 or 5 (that's 
about the limit) spurts of ringing current. The tel set ringers are con— 
nected to either T or R to ground, five ringers to T and five to K& as 
shown in Figure 8, 


From 
Central 


ee 


Figure XVIII - 8 Semi- Selectivity 
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Of course everyone hears 4 rings besides their own, thus semi—selectivity 
ie; they don't hear 10 rings. 


Full-selectivity can be provided with only two parties on the line: 


Figure XVIII ~ 9 Full-Selectivity 


Neither party hears the otuers ring, thus full-selectivity. One party is 
called the Tit Pak?¥, ringer wired T to grd, and the other of course, the 
KING PARTY. If the ringer is wired one side to ground, it is called 
GCUNDED AINGING. If the ringer is wired across the line (ie, across T & R), 
it is called METALLIC XINGING. 


TEL 
SET 


Figure XVIII - 10 Metallic Ringing 


Another method of providing fully selective ringing involves the 
generation of different ring current frequencies and frequency selective 
ringers in the tel sets. Such a system is not widely used and semi=selective 
ringing is gradually disappearing. More people can now afford a private line 
and the conmercial systems would much rather sell a single party line (it is 
called a One Spot) than a four party, or Four Spot. 


Twenty Hz selective signalling is sometimes applied to private 
lines. The term PRIVATE LINE as used here means a line to which no one 
but the buyer of the private line service has access. They are sometimes 
called LEASES or LAS#D LINES. Twenty Hz selective signalling applied to 
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this type of service requires a trunk circuit at the customer location 
that responds to 20 Hz and differentiates between 1, 2, 3 or more rings, 
then in turn rings or buzzes the proper tel set. This system is not used 
to any great extent. It requires a degree of skill of the calling party 
that most users will not take the effort to learn and they blame the con- 
sequent failure on the telephone company. 


Selective loop signalling usually consists of DIAL PULSES made 
by the dial on the tel set. When a telephone is picked up (goes off hook), 
the hook switch closes the loop to the common battery central office, places 
the dial contacts in the loop, and operates the line relay in the central 
office. A clearer picture of the circuitry is given in Figure II. 


Hook Switch | 


Trans--. 
mitter 


Central Office 


Figure XVIII - 11 Dial Circuit 


The closed contacts of the line relay cause many things to happen 
in the central office and eventually your line is located by the switching 
equipment and it sends dial tone to your tel set. Now you can dial, if 
you dial say a 6, you will cause the dial contacts to open and close 6 
times , causing the current in the loop to cease and flow 6 times. Or you've 
created 6 DIAL PULSES like this: 


Loop 2 Off H 
Current About 
in MA e6 Sec. 


® On Hook rime 


Figure XVIII - 12 Dial Pulse Train 


The common battery central office switching equipment absorbs 
the dial pulses and if you send it a legitimate number of proper pulses, 
it will ring the party you want - if that line is not busy or out of order, 


4. Supervisory Signals: 


Supervisory signals, or just supervision, are control or call 
monitoring signals, Some supervision functions are: 


a. Cord lamp supervision: After you have placed a call through 
a manual switchboard and want to talk to the operator you can "recall" the 
operator by "jiggling" the hookswitch. This of course opens and closes 
the loop and causes the switchboard cord lamp in use on your call to flash 
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on and off advising the operator you want assistance. After you have 
completed your call and hang up, the loop goes open, or on hook, and the 
cord lamp is lighted steadily indicating to the operator you have completed 
the call. Switchboard operators can recall each other by "ringing back" on 
an established trunk connection. The process is rather complicated, but 
the ring signal causes the distant cord lamp to flash until the operator 
opens his talk key on that cord circuit, 


b. Coin collect supervision: When the called party answers a 
call placed from a dial coin telephone, or COIN BOX, the loop closure causes 
the battery and ground in the central office to be reversed which indicates 
to the coin telephone trunk circuit than ccin collect rather than coin 
return battery must be sent to the coin box after the caller hangs up. The 
same hattery reversal takes place on all answered calls and is used also to 
operate registers or counters associated with a "message" service (A service 
that permits so many calls a month for a flat fee then so much more money 
for each additional call). The same reversal is also used to provide cord 
lamp supervision to an operator who has dialed a number, perhaps froma 
distant city. 


Dial speed is adjusted to satisfy the type of switching equip- 
ment in the central office, 10 to 12 pulses per second. Note that the 
"longer" the loop, the greater its resistance and the lower the loop cur- 
rent. Beyond a certain distance, measured in ohms not miles, special "long 
line" equipment is necessary. 


5. Development of Long Distance Signalling: 


So far we've considered signalling over short distances. When 
20 Hz or loop signals are required to be transmitted, say 100 miles, special 
equipment is necessary. 20 Hz can be transmitted over a cable pair for 
about 30-35 miles without special equivment, but beyond that distance, the 
signal must be REPEATED. (At the end of a 30 mile trip the 20 Hz signal 
operates an INTERMEDIATE KINGER which sends fresh 20 Hz froma local gener- 
ator on to the next ringer, etc.). Loop signals can be transmitted for 
somewhat less than 1000 ohms and still be intelligable to a central office. 
One thousand ohms loop resistance equals about six miles of 22GA CABLE and 
about 11 miles of 19GA CABLE. Loop resistance is the resistance out on 
one wire and back on the other wire of the pair, Beyond approximately 
1000 ohms, sensitive LONG LINE EQUIPMENT or PULSE REPEATERS are necessary. 
Long line equipment (sometimes called long haul) can handle loops as long 
as 5000 ohms. Pulse repeaters will not necessarily handle loops of over 
1000 ohms, but do absorb the weak pulses, reshape them, make fresh pulses 
and send them on. If is not economical to transmit 20 Hz or loop signals 
from city to city because of the extra equipment required. Both ringing 
and dial signals can be efficiently transmitted over long distances by 
changing the 20 Hz or loop signal to a form more suitable to transmission 
over modern telephone circuits. 


Let's examine briefly the historical development of long distance 
signal transmission. Some of the older systems are still in use. 20 Hz 
signalling was not well suited for use on "long distance" or "toll" catles 
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because the cables carried mny telegraph (TGH) circuits riding along on 
the same cable pair with a voice circuit. This was accomplished by a 
SIMPLEX (SX) or COMP@SITS (CX) circuit. It was conmon practice to trans- 
mit 60 word per minute (60 speed) teletypewriter signals on the SX or CX 
facility. 


Repeat Coil 
To 
Switch- Sx Cable 
Board Pair 
(.) 


TGH 
Ckt 


Figure XVIII - 13 Simplex Circuit 


Repeat Coi 


To 
Switch- 
Board 


To To 
TGH TGH 
Ckt Ckt 


Figure XVIII - 14 Comnosite Signalling 


60 word per minute teletypewriter signals are very close to 20 Hz, and thus 
if 20 Hz ringing signals were used on such a circuit, it would interfere 
with the teletypewriter signal, For this reason 135 Hz ringing was developed 
and widely used until about 10-15 years ago, The trouble with 135 Hz ringing 
was the necessity to bypass it around a voice frequency repeater (amplifier). 
135 Hz is too low a frequency for voice frequency amplifiers (norml1ly used 
on telephone circuits) to pass. So the next development was 1000/20 ringing 
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(1000 Hz modulated at 20 Hz). 1000 Hz passes through a VF (voice frequency) 
repeater, but must be modulated because the ringer receiver circuit at the 
far end could otherwise be "talked off" (operated) by 1600 Hz voice energy. 
135 Hz signalling is practically a thing of the past and the Bell System 
is now phasing out 1000/20 signalling. 


The technique of transmitting signals over relatively long distances 
leaned heavily on telegraph practices initially, Ringing, dial and super- 
visory signals are changed by a TKUNK CIKCUIT to direct cirrent signals 
which can be transmitted over a cable telegraph facilit; (IF). Some early 
trunk circuits used positive and negative 130 volt telegraph battery as a 
source of signal current, but modern trunk and signal circuits use negative 
48 volts. 


6. Present Day Long Distance Signaliing: 


Present practice utilizes a dial or ringdown trunk circuit with 
E and M leads. The & and M leads are the signal leads that connect the 
trunk circuit to a signal circuit. The M lead transmits and the & lead 
receives. The M lead usualiy transmits battery (-48V) and ground toward 
the signal circuit. The E lead usualiy receives ground and open from the 
signal circuit. 


M Lead 


Loop Signals J 
ae aaa capers © 


E Lead 


Figure XVIII - 15 E-M Lead 


Part of a trunk circuit is shown in Figure 15, The upper relay is 
called a pole changer and converts the loop signal current in its winding 
to ground—battery signals toward the signal circuit. The lower relay takes 
open—ground signals from the signal circuit and changes them to loop 
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signals. No trunk circuit is quite this simple, and thus the schematic 
drawing in Figure 15 is very elementary, and M lead signals can be any 
( of our three basic types: 
a. Ringing (attention getting) 
b. Dialing 


c. Supervision 


= Trunk circuit &-M leads are wired to signal circuit &-N leads. The signal 
circuit can be one of several types: 


} ri a. Composite 
b. Single frequency 
c. &WM lead extension 
d. Multi - frequency 
Let's discuss each of these in detail: 
(1) Composite signal circuit: Basically this circuit is a full 
Repeat Coils Tip 


i Side 1 
( (S1) 


Ring 


Dial Dial 
leg leg 
S2 S1 


Phan 
tom 


To Three 
Dial Trunks 


( Figure XVIII - 16 Composite Signal Circuit 
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duplex telegraph circuit. The usual arrangement consists of CX signal cir- 
cuits in groups of three — side 1, side 2, and phantom to work on a quadded 
cable group, two pair, three circuits, side 1, side 2, phantom, The four 
wires of the cable group provide 3 signal legs and an EPC, earth potential 
compensation leg. This type of signalling is now used to serve towns so 
small that carrier facilities are not economically feasible in view of 


existing cable plant capahilities. 


(2) Single frequency signalling: Most American cities of any 


The single 


size have cable carrier or microwave facilities serving them, 
The 


frequency signal system was designed to operate on a carrier channel, 
Signal set is wired into the circuit like this - one on each end of the 


circuit (IWCS configuration is shown): 


E=-M Lead 


Figure XVIII - 17 Single-Frequency Signalling 


The SF set changes the DC signal on the M lead to tone signals on the 
carrier line. The tone received by an SF set is changed to a DC signal on 
the E lead. Some 1600 Hz SF sets are still in use, but 2600 Hz is much 
more common, You will frequently hear the expressions ON HOOK, OFF HOOK, 
TONE ON, TONE OFF, etc., used in connection with SF signals, The table 
below gives conditions of equality for ON and OFF HOOK: 


CONDITION M TONE 
a es 


Figure XVIII — 18 Standard Conditions 
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These conditions are not always the case in the {CS system. In ICS the 
following is true for ring down circuits only: 


CONDITION TONE E 
ON GROUND 
OFF OPEN 


OFF HOOK 


Figure XVIII - 19 (CS Conditions 


(CS ring down converter and SF set options were selected to permit this 
E lead condition, which in turn permits wiring SF sets back to back with- 
out pulse link repeaters (refer to Paragraph 4, Section D, Chapter VI). 
Back to back wiring is shown below: 


+ 7 - 16 


Figure XVIII —- 20 SF Units Back-~to—Back 


3. E-+M extension (also called DX signalling): E and M leads 
cannot normlly be extended from the signal circuit to the trunk circuit 
for any appreciable distance. DCA and the Bell System require that maximum 
resistance of E or M lead be 25 ohms. Sometimes the signal circuit is located 
a long distance from the trunk circuit. To extend signalling in such a case 
requires an EMX (Bell terminology) or DX circuit to extend the E-M leads. 
The extended signal leads are connected to the cable pair, which also carries 
the voice energy, through A-B leads on a repeat coil (Figure 21). 
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Figure XVIII = 21 E-M Extension Using Repeat Coil 


or through A-B leads on a hybrid (4 wire term set) as shown below. 


To Cable 


To Trunk Circuit 


DX Circuit 


Figure XVIII —- 22 E-M Extension Using Hybrid 
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(4) Multi-frequency signalling: A multi-frequency (MF) 
( trunk circuit changes DC dial signals to tone signals, Two tones are 
; transmitted for each digit and the trunk circuit at the other end changes 


the tone combinations to DC signals which can be used by the dial switching 
system. 


Figure 23: Multi-Frequency Signaling 


Note that MF trunk requires a SF signal set, but only to transmit and 
receive ringing and supervisory signals. 
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nal applied to an amplifier with 10 dB 
gain will result in a 40 dBm output. Or, 
a standard test tone (0 dBm) will be 
measured as —15 dBm after passing 
through an attenuator of 15 dB. 

It is important to note at this point 
that most meters used in the telephone 
industry are calibrated for measurements 
of voltage appearing across a 600-ohm 
termination (standard transmission line 
impedance). If the circuit to be meas- 
ured is of a different impedance than 
that for which the meter is calibrated, 
the indicated power level will be 
wrong, and a correction factor must be 
taken into account. The relationship is: 


dB (corrected) = dB (indicated) 
600 ohms 


°8 circuit impedance 


For example, a +6 dB reading across 
a 500-ohm line is calculated: 
600 
dB = 6 + 10 log 500 
= 6 + 10 log 1.2 
= 6 + 0.792 
= 6.792 dB 


Level Point 

In most telephone systems the toll 
switchboard is defined as the zero trans- 
mission level point (0 TLP), and the 
levels of both signal and noise at other 
parts of the system are usually referred 
to that point. A point in the transmis- 
sion system where a signal has experi- 
enced 16 dB attenuation relative to the 
toll switchboard is known as the —16 
dB level point. Note that /eve/ used this 
way is purely relative and has nothing to 


do with actual power — a signal of any 
power will be down 16 dB at the —16 
dB level point. When a standard test 
tone is transmitted over the circuit, its 
power in dBm at any point is numeric- 
ally equal to the level in dB at that 
point. 


dBm0 

Another term, dBm0, is used to refer 
measured power back to the zero trans- 
mission level point, and has useful sig- 
nificance in system planning. Measure- 
ments adjusted to dBm0 indicate what 
the power would have been had it been 
measured at the zero transmission level 
point. For example, a tone measured at 
the —16 dB level point with a meter 
reading of +8 dBm, is equal to +24 
dBmo. 
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E. LOADING*; 
1. Limiting: 


4n important engineering consideration in the design of a mlti- 
plex system, particularly one to be used over great distances, is that of 
limiting. Where a large number of channels are multiplexed, total]. average 
signal power may be considerable. If the channels are used to transmit speech 
conversations, the range of power may be extremely large -- as much as 70 db. 


In order to obtain the best signal-to-noise performance from both the 
multiplex system and the transmission medium, it is desirable to operate the. 
system at the highest signal level that can be handled by the enuipment without 
excessive distortion. If the range of signal power is too great, because too 
many loud talkers are using the system.simultaneouslv, for instance, the system 
will overload during periods of peak use, with the result that intermodulation 
distortion and noise will be excessive. If modulation levels are reduced to 
prevent this, there will be many periods when the signal level will be far too 
low, and background noise becomes predoninant. 


One way of overcoming this difficulty is to restrict the range of 
signal levels avnlied to the system. This may be accomplished by some sort 
of peak limiting or by automatic gain control at the transmitter. This permits 
the transmitted signal level to be relatively constant regardless of the range 
of input signal levels. Refer to Paragrath 14, Section C, Chavter VI (Jimiters). 


2. iIntermodulation Distortion: 


Intermodulation distortion occurs when traffic is so great as to 
overload the amplifiers or exceed the design rating of the modulators and 
associated circuit elements. Present day multiplex systems carry many voice=- 
frequency channels that are handled by common amplifiers, modulators, and 
demodulators which are not perfectly linear. 


In the case of a single channel, modulation products resulting from 
nonlinearities are directly related to the power and freauency of the signal 
applied to the channel and apvear as distortion of the signal. In multiplex 
systems, however, the case is entirely different. Most modulation products 
appearing in any given channel are unrelated to the signal amnlied to that 
channel. At higher multiplex freouencies, modulation products from any one 
channel may be distributed over many other channel allocations. Thus, instead 
of distorting only the impressed signal, the entire multiplex svstem overloads, 
resulting in background noise and crosstalk that increases as the system load 
becomes preater. In some cases, crosstalk may even be intelligible. In larger 
systems, however, most distortion avvears onlv as random noise which reduces 
the signal-to-noise ratio. 


Distortion increases significantly when large signal voltage peaks 
drive some element in the svstem beyond its region of linear operation. 


* From "Multiplexing" by Maurice E. Cookson and Ewell M, Thompson. Reproduced 
by permission of Lenkurt Electric Co., Inc., San Carlos, California. 
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In the case of amplifiers employing negative feedback, there is only a 
slight increase in distortion and intermodulation vroducts as signal level 
increases, until the amplifier "break" point is reached. Tn vacuum tubes 
this point is reached when grid current begins to flow or plate current 
cut-off occurs, while in transistors this occurs when the saturation or 
cut-off point is exceeded. Accordingly, distortion increases very rapidly 
with signal voltage after the break point is reached. 


3. Speech Loading: 


Speech signals are more comvlicated than telegraph tones and data 
signals. Hach signal consists of a variety of frequencies and a great range 
of amplitudes. 


In telephone miltivlex systems, many factors influence the load 
on the system. Some of the more important include speech habits of the 
telephone user, hourly variations in svstem use, the psychologieal effect 
on the sneaker of the circuit quality, and the technical characteristics 
of the subscriber's equirmment and local telephone plant. 


By using statistical methods of computing load, it is possible 
to provide a multiplex systen that will not overload except during the 
very busiest periods. Telephone company practice has been to design 
communication systems for a "break" point of 1 vercent of the busiest 
period. Thus, for the busiest hour, overload may occur during 36 seconds 
(1 percent of 3,600 seconds). Since this total time is distributed through- 
out the entire period as a number of brief moments of possible audible 
disturbance, the net effect on a individual conversation is neg'igible. 


4. Telegraph and Data Loading: 


The channel capacity and transmission levels for multiplex svstems 
are stated in terms of voice circuits, referenced to the rms value of a 
test tone (usually 1000 Hz). Because of their narrow bandwidth, however, 
up to about 26 ordinary telegraph or data signals can be applied to a single 
voice channel of a multivlex svstem. Since these multivle-tone signals have 
a greater average power than a voice signal, a loading factor must he con- 
sidered. 


In calculating the loading effect of a multivle-tone signal, veak 
power is used. As the mmber of telegraph or data signals is increased, 
the potential peak power level that the composite signal may reach also 
increases, even though the rms level is held constant by lowering the level 
of the individual tones. To avoid the possibility of peak overloading, the 
peak factor is used when calculating the macimum permissible level of mul- 
titone signals applied to a single voice channel. The absolute peak factor 
is expressed mathematically as: 


Absolute Peak Factor (in db) = 3 + 10 log N 


N = number of single tones 
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Thus, for a single tone, the absolute pveak factor is 23 db. Since the 
absolute peak factor can become quite high, it is not nractical to build 
high density multiplex systems that are completely free from the possibility 
of veak overloading. In practice, it is more common to express the neak 
factor as the statistical probability that the neak nower of a comnosite 
signal will exceed the sum of the rms value of the siprnsal and the peak 


factor a given percentage of the time, usuallv 1 nercent of the busiest 
hour. 
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A. SYMBOLS USED ON SEAWBS TRUNK DIAGRAMS: 


oy RADIO PATH: 


__PLM——--———— STATION THREE LETTER DESIGNATION es CH/ TYPE, DISTANCE, CHANNEL CAPACITY 
PHU LAM NAME OF STATION 


L-—— LINE OF SIGHT 
CHANNEL HARDWIRED THROUGH T—— TROPO SCATTER 
VOICE CHANNEL TERMINATION R— PASSIVE REFLECTIVE 
THRU GROUP W/ GROUP FILTER O—— DIFFRACTION 
“THRU GROUP W/ EQUIP FOR CHAN TERM 


GROUP_MODEMS 
UNUSED - PLANNED EXPANSION prom eg le 


SYSTEM TYPE CHANNELS 


BASEBAND REPEATER 
NEC RS-I( ) 


FACILITY CODE 


AN/FCC-I7 FAMILY 


AN/FCC-I6, GE TCS 600 


ee ae SUPERGROUP FILTER 
COLLINS MX-106 
FARINON 


aeeeee----- =e += --- TRUNK PENDING ACTIVATION 


UNSPECIFIED TYPE 5S ) 


AN/TCC-~7 (ANTRC-24) 
(AN/GRC-50) 


AN/TCC-3 (ANGRC-I0) 
Se ee — NON OCS TRUNK 


AN/TCC-1I3, AN/FCC-I5 
(AN/TRC-29, AN/TRC-37) 


26|—______—_——_ MULTI PAIR. CABLE TRUNK, 26 PR 


AN/TCC~1I3, UQ (AN/TRC-29) 
DROP OUT, 2 CHANNEL 


PHILCO PPM CMT-4 (CLR-6) 


GE PPM AN/FRC-35 


oe: 
Q 
= 
= 
O- 
<> 
<> 
Gy 
C+ 
[ 
Ns 


(_)——— GROUP MODEMS (ITHRU 5) 


TRUNK DESIGNATORS (GROUPS) LENKURT 45 BX( } 


SUPER GROUP COMBINER ($6 2) 


TRUNK DESIGNATOR (SUPER GROUP) 
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Be. DCA DESIGNATION CODES: 

DCA Designation Codes are alpha-numeric codes assigned by BCA 
to identify all DCS trunks and circuits. The following information 
is correct as of 1 Jan 1970 However, changes in these codes occur 
quite often; consult an up-to-date copy of DCAC 310-65-1 for latest 
changese 

1. Trunk Designation Codes ~- a six position alpha-numeric code is 
assigned to each trunk, in addition, each grou» which trawerses more 
than one trunk (i.e. it is through-grouped) will have a Trunk Designation 
Code. VFCT's (Voice Frequency Carrier Telegraph or "Tone Packs") will 
have a Trunk Designation Code and also a CCSD, the CCSD identifying the 
voice frequency circuit which the VFCT traverses. 


a. First Position-identifies the DCA geographic region in which 
the "from end of the trunk is located, using tle following codes: 


1. USA and Central and South America 

2, Canada and Greenland 

3 Great Britain and Scandinavia 

4 European Mainland 

5 West Africa 

6 Middle East and East Africa 

7 Western Pacific 

8 Eastern Pacific 

9 Alaska 

b. Second Position-identifies the DCA geographic region in 

which the "to end of the trunk is located using the same code as the 
first digit. 


c. Third Position-this indicates the agency (s) providing the 
trunk: 


A = Trunks owned by NCS agencies not specifically listed 
herein; e.g., Dept of State, DIS - NASA — GSA, etc. 


B = Department of the Navy 


C = Joint Army/Air Force 
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i 


M 


< «48 & 


Commercially leased by LCA 

Joint Navy/sir Force 

Joint Arny/Navy 

Joint NCS agencies owned trunks e.g., between bob/FAA, 
boD/lepartment of State, etc. his code used when the 
trunk is being provided jointly between two NUS opera- 


ting agencies. (DoD being an NCS operating agency) 


Commercially leased by NUS agencies, other than bob, 
not specifically listed herein, 


Allied Government provided = to be used ror those 
trunks provided solely by allied governments, owned 
or leased. 


Department of the Air Force 


Commercially leased by Dob agencies, other than those 
specifically listed herein; e.g. DSA, NSA DASA, blA, etc. 


FAA 

Trunks owned by DoD agencies not specifically Listed. 
Conmerciaily leassd by Lepartrment of State 

Joint U.S. and Allied Government provided=- to be used 
for those trunks which are provided by the U.S. and 
any Allied Government 


Commercially leased by GSA 


Commercially leased by Diplomatic Telecommunica ti ons 
System 


Commercially leased by FAA 


Commercially leased by NASA 


- Conmercially leased by FAA 


Department of Army 


Commercially leased by Army 
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oa 


d. 


W - Commercially leased by Air Force 


X = Commercially leased by Air Force 


Y = Commercially leased by Arny 


Zz - Commercially leased by Navy 


Fourth Position-identifies the type of trunk: 


A 


0 


Pp 


Single or multichannel HF radio other than singlé 
side band including Continuous Wave (CW) transmission 


Sideband (IF) single or multichannel 
Unassigned 

AUTOPLIN in = Plant Cable Mode I 
AUTODIN in = Plant Cable Mode V 
AUPOLIN in Tlant “quipment 
Unassigned 

JHF/VHF Line of Sight Kadio 
nasslened 

Unassigned 

Landline Gable (including open wire) 
Landline Cable 

Microwave 

Group frequency spectrum without channel modems 
Unassigned 

Landline Cable 

Submarine Cable 

Landline Cable 


Satellite Relay 
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T - Forward Propagation Tropospheric Scatter (FPTS) 


U -— Supergroup frequency spectrum without group or 
channel modems 


V - Voice Channel package preempteable for Wideband 
service 


W - Unassigned 

X = VFCT System not provided via HF systems 

Y - VFCT provided via HF or combination HF, wideband 
Z - Composite System (nonsimiliar media) 


e. Fifth and Sixth Positions-alpha-numeric combination 
assigned BCA to identify the particular trunk. 


Following is an example of a trunk designator code: 


7 7 U T 47 
GEOGRAPHIC ARSA  GISOGRAPHIC AREA = AGENCY TYPE OF DCA NUMbER 


PROVIDING TRUNK 
TRUNK 


The numbers indicate that the trunk is. provided by the Army and is ona 
tropospheric scatter system. Both ends of the trunk are in the Western 
Pacific Area and DCA has assigned number 47 to it. 


2. Command Communications Service besignator (CCSD). -— an eight 
position alpha-numeric code assigned to each voice frequency circuit. 


a. First Position-identifies the agency requiring the circuit: 
A - Department of State 
B - Repartment of the Navy 
C - Nationai Command Authority, (JCS) Conmand and Control 
D - Departnent of befense-Defense Commumications Agency 
E = Not Assigned 
F - NCS - Minor Uperating Agencies 
G - General Service “dministration (GSA) 


H -— Diplomatic Telecommunication System 


XIX=6 


° 


P 


Ko - 


Fi ta 


- Allied Government - “or circnits required by allied 


governments provided over some DCS facilities 


- Department of the Air Force 

- Not assigned 

- Federal Aviation Asency 

- National Aeronautics and Space Administration 


- Other DoD Agencies (not listed); e.g. DIA, NSA, DSa, 


DASA, PDMS, etc. 


- Host country - for all circuits required by any country 


who is host to the United States 


- Other U.S. Lepartments, Agencies, vonmissions or commercial 


companies (Govt or non-Govt not listed); e.g., bepartment 
of Justice, requirments by commercial companies etc. 


Not assigned 

Commaader in Chief's (CINC) Command and Control Circuits 
Not assigned 

Treaty Organization; e.g. NatO, or SEATO 

Department of the arny 

Not assigred 

Not assigned 

Not assigned 

Not assigned 


Not assigned 


b. Second and Third Positions-this identifies the [PUS network. 
A partial listing follows (complete listing is found in PCa 310-65-1). 


AG 
Br 
BD - 
CA = 
CC 


Federa} Aviation Arency. 

Naval Snecial administrative and Logistics Network 
Fleet Broadcast Access Network 

Air Force Air Defense Command Network 

PACAF Air Gefense “etwork 
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Uo - 
UW = 
WX = 
YA - 
ZM - 


PACFLT Conmand and Control 

ICA Yperations setwork 

Navy birection Finding Network 

Special Intelligence Communications Network 
Army Security Agency 

Diplomatic Telecommunications »ystem 


- Air Force Security Service 


Fleet Operations Lontrol Network 

US Coast Guard 

SAC Teletypewriter Network 

SAG Telephone Network 

Pacific tommand Joint Network 

Army Command and vontrol Network 
Keying Lines 

Army Aviation Network 

US Marine Corps 

US Military Assistance Network 
Informition Dissemination 

Navy Security Group 

Urder \ire 

AF Cormand Net 

Army Continuity of Vperations Network 
Commercial Press Services 

MAC Teletype Commmications Network 
Weather, TTY, Civil, FAA 

Weather, (TTY, LCS/HSAF 

Weather FAX (Civil, US Weather Bureau) 
Weather FAX PCS/USAF 

MAC Uperational System Network 

FACAF Command and Control Network 
Arned Forces kadio and TV Service and Stars and 
Stripes Network 

Spare Channel 

Spare Patch/Interconnect 

Department of State 

Army, Air Force, Navy Temporary 

VFCT Trunk 

AFTAC Data Network 

Comuon Vser Teletype Writer Service 
Common User Voice Service 

Secure Voice 

DCS Digital Data Network 

Special Purpose Network 

Air Force Air Operations Network 
Inter-Departmental Dial Telephone Network 
Navy Weather Network 

Fleet Ship-Shore Access Network 
Military Air Traffic tontrol & Flight Facilities 
Network 
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ce Fourth Position-indicates the type of service and speed 
¢ of the circuit: 


A Teletype service other than LCS switched networks 
B AUTOVON Access Line 

C AUTOVON Interswithe Trunk 

D Data other than DCS switched networks 

& AUTODIN Access Line 

F SEVOCOM/AUTODIN interswitch Trunk 

G SEVOCUM/AUTOSEVCOM Access “ine 

H AUTOSEVCOM Interswitch Trunk 

I Voice Channel Package preemptable by Wideband Service 
J Facsimile other than DCS switched network 

K CW 

L DSSCS Access Line 


( M bSSCS Interswitch trunk both automatic and manual 
° switches 


N AUTOSEVOCDM subscriber to an AUTOVON switch 
FP Not assigned 


Q AUTODIN interchange Circuits between AUTODIN and other 
switched networks except AUTOVON 


RK Alternate Voice Record other than DCS switched networks 
S Video other than DCS switched networks 

T Telemetery other than DCS switched networks 

U_ Telephoto other than DCS switched networks 

V_ Voice other than DCS switched networks 
W 


DC signaling other than DCS switched networks 
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X VFCT 
Y Audio signaling a.) 
Z Not assigned 

d. Fifth, Sixth, Seventh and Kight Positions: 


These are assigned by DCA to identify the particular circuit. The 
© and I will not be used in the circuit nunbers, 


Following is an example of a CCSD: 


J - UA C KAZI 
AGENCY REQUIRING LCS TYPE OF SERVIC DCA LDENTIF ICATION 
CIRCUIT NETWORK AND CENTER SPEED 


The above CCSE indicates that this is an Air Force circuit 
on the LCS Teletspewriter network, it is a 160 wpm circuit and is 
identified by )PAZ9. 


The DCA identification code normally will tell you nothing 
about certain types of circuits: 


l1--- CRITICOM cirqit y 
PAe- Temporary circuit 
6--- Audio path VFCT 
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C. 3—LETTER GEOGRAPHICAL DESIGNATION CODES: 


€ The geographical designation codes are formulated by DCA for the 
purpose of abbreviating the names of places where there are NCS terminals 
or facilities. 


ADA Ap Dangia CMI Chiang Nai, TH 
AGU Aguinaldo, ri CMU Ca Mau (Cau Mau) 
AKe An Khe CPD Camp Drake, JA 
ALI Aliamanu, HI CPH CF Holloway 
ALX Alexandria, VA CPS CP Smith,HI 
ARL Arlington, VA CPZ CP Zama, JA 
AK Andrews, MD GiA Cam Kanh AB 
ASN Anderson, AFB, GU CRB Cam Ranh Bay 
ATO An Thoi CKO Cheo Keo 
BAD Ba Di CSF CMDR 7th Fleet 
BAQ Ba Queo CTO Can Tho 
BGK Bung Kan, TH DAN Di An 
BKK Bangkok, TH DAU Dau, PI 
BKN Bang Khen, TH DAV Davis, CA 
BLU Bac Lieu DBT Dong Ba Thin 
BMT Ban Me Thuot DCH Duc tioa 
BNH Bien Hoa DGG Duong Dong 
BNL Bien Loi DGH Dong Ha 
BOL Bao Loc DGM Dragon Mt 
BPA Bang Pla, TH DGN Da Nang North 
BPG Bang Ping, TH DGT Dong Tam 

( BRA Baria DGF Vong Phuoc 
BSA Base-A Phu Mu, TH DGW Da Nang West 
BIY Binh Thuy DLT Dalat 
CBP Cubi Point, PI iG Don Muang, TH 
CCI Cu Chi DMY Duc My 
CCK Ching Chuan Kang,TW DNE Da Nang East 
CHI Chitose, JA DNG Da Nang 
CHL Chu Lai DBI Dong Ba Thin North 
CHO Chachoensao, TH! DFO Duc Fho 
CLK Clark, AB, PI FLT El Toro CA 
CLN Cholon FIN Finegayan, GU 
CLR Cu Lao RE FMH FM Hill, PI 
CLT Cheltenham MD FMM Ft Monmount, NJ 
FDT Ft Detrick, MD MKD Mukdahan, TH 
FTM Ft Deade, MD MTH My Tho 
FTS Ft Shafter, HI MYM Monkey Mt 
FUC Fuchu, JA NBE Nha Be 
GDH Gia Dinh NHA Nha Trang 
GIA Gia Nghia NHH Ninh Hoa 
GNH Green Hill, TH NIC Nichols, FI 
GUA Agana, GU NPN Nakhon Vhanom, TH 
HAN Hoi An NIN Nha Trang North 
NAZ Hanza, RK OAK Oaldand, Ca 


XIX=11 


HEL Helemano PGN Pentagon, US 


NIK Hickam, AFB, HI PHB Fhu Bal 

HNI Ho Nai PHC Phu Cat 

HNL Honolulu, Hl PHE Phu iilep 

HNW Hoi An West PHT Phu Tai 

HON Hon Quan PKN Pleiku North 

HTR Hon Tre ‘sland PKO Phu Khieo, TH 

HUE Hue PKU Pleiku 

CJM CP John Hay, PI FLM Phu Lam 

JUZ Juzon Mt, TW FLO Phu Loi 

KAD Kadena, kK PMU Phu Mu, TH 

KAU Kauai, HI PNS Phanom Sarakham, TH 
KCA Kanchanaburi, TH PNT Phan Thiet 

KHK Khon Kaen, TH PRG Phan Rang 

KKG Khanh Hugn PRL Fr! Line 

KKT Koke Kathiem, TH PSL Phitsanulok, TH 
KLT Klong Touey PSW Peshawar, PK 

KNE Kaneohe, HI PTH Phu Thanh 

KPT Kingsport, HI PTY Pattaya, Til 

KkT Korat, TH FVYN Fhuoc Vinh 

KSH Khe Sanh PYK Phon Yang Kham, TH 
KTM Kon Tum QNC Qui Nhon Capitol 
LBM Lang Bian Mt QNG Quang Ngai 

LBN Long Binh QNH ui Nhon 

LKE Lai Khe Q?R Quang Tri 

LMS Lam Son RDP Ritidian Pt 

LNN Long Thanh North QfA iuang Tri AB 

LNT Loeng Nak Tha, TH RGA Rach Gia ) 
LOS Los Angeles, CA KIT Santa.Rita, II 
LPB Lop Buri, TH RIB Robbins 

LPG) Lam Pang,TH SAC Sacramento, CA 
LTH Long Thanh SGE Song Be 

LXN Long Xuyen SCH Schofield, Bks, HI 
MAN Manila, PI SCT Soc Trang 

MBM Marble Mt SDC Sadec 

MCC McClellan AFB, CA SEO Seoul, KS 

SGA Saigon Old AEB TRI Trai Mat Mt 

SGB Saigon New AEB TSN Tan Son Nhut 

SGN Saigon TSP Trang Sup 

SGY Sangley Pt, PI TYA Tuy Hoa AB 

SHP Sattahip, TH TYH Tuy Hoa 

SKN Sakon Nakhon, TH TYN Tao Yuan 

SMG San Miguel, PI UBN Ubon, TH 

SOB Sobe, RK UDN Udorn, TH 

SKA Siracha, TH UPT U-Tapao, TH 

STK Stockton, CA vVCM Vung Chua Mt 

TAE Taegu, KS VLG Vinh Long 

TAI Tainan, TW VNT Vientiane, LA 

TAN Tuy Hoa North WIA Vung Tau AB 
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Tobaru, RK 
Tachikawa 
Takhli, TH 
Tokyo, JA 

Tam Ky 

Tung Manhomek, TH 
Tay Ninh 

Tay Ninh West 
Taipie, TW 
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Vung Tau 
Wahiawa, HI 
Washingon DC, US | 
Wake Island, US 
Warin, TH 
Wright lat AFB, OH 
Xa Loc Ninh 
Yokota Ab, JA 
Yokosuka, JA 
Itazuki, JA 


De. USER TERMINAL AND ENKOUTE FACILITY CODES: 


The terminal and facility codes are formulated by DUA for the 
purpose of abbreviating the type of DUS terminal or facility. These 
codes are most frequently used in conjuction with the geographical 
designation codes. 


The following terminal and facility codes are a few of the more 
common ones that a technical controller will encounter. A more 
complete list is given in DUAC 310-65-1. 


CODE DESCRIPT ION 

AAV Army Aviation Terminal 

ACA Army Conmunications Center 

ACF Fwd Air Control Post 

ACG Anerican Consulate General 

ACO American Consulate 

ACP Air Component Conmand Post 

AEB American kmbassy 

AER Aeronautical Station 

AFB Air Force Base 

AFC Air Force Conmunications Center 
AFD Air Force Communications service 
AFL Air Field 

AFN Arned Forces Network 

AGN Naval Advisory Group 

ALO Air Liaison Center 

AMA Air Movement Information Section 
AOB Army Overseas Switchboard 

AOC Air Force Overseas Kelay Center 
ASC Air Support Op Cen/Dasc or Asoc 
ASF Advisor Special Forces 

ATC Air Route Traffic Control Center 
AVN Army of Vietnam 

BBD Base Post Camp Station Switchboard 
BCA Communications Office 

BCC Navy Communications Center 

BCO Base Communications Center 

BFC Navy Facilities Control 

BOP Base Operations 

BOR On-Line Relay Facility 

CBC Construction Battalion Center 
CCC Conmand Communications Control Center 
CCF CRITICOMM Technical Control Facility 
cco CRITICOMM Operations 

CCT Communications Center 

CIN Combat Intekl Center 

CKA Communications Squadron 
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LESCRIPT LON 


Comand/Combat Operations Center 
Commercial Switchboard 

Comin Upns Van 

Command Post 

Control Reporting Point (Cmd & Control) 
Control Keporting Post 

AUTOLIN Automtic Kelay Ckt Sw Unit 
Conmercial Cable/Radio Carr Tech Cont Fac 
Circuit Tie Point 

Cable Radio Carrier Tech Cont Fac 
Cable Radio Carrier Tech Cont WO DEMOL 
Cable Carrier Sys at Tech Control 
Defense Communications Agency Area 
Operatious Center 

Dept of Arny 

Defense Communications Agency Uperations 
Center 

Division Lomminications Uffice 

Defense Conmunaicutions Ageacy negional 
Operations Center 

Dispatch 

Dept of Lefense 

DCS AUTULIN Computer Terminal 

LCS AUTODIN General Furpose Terminal 
DCS AUTODIN Magnetic. Tape Terminal 

DCS AUTODIN Manual ikelay 

DCS AUTODIN Automatic Kelay 

AUTODIN Auto ikelay Tech Uontrol 

Dial Telephone Exchange 

Corps of Engineers 

Electronic Supply Office 

Forward Air Controller 

Facisimile Center 

Federal bommunications Commission 
Marine Facilities Control 

Field Forces Command Hq 

Flight Following Office 

Fighter Opns Center 


Forward Propagation Lonosphege Scatter bldg 


Field xepresentative Far East 
FITS Switchboard 

FTS Class 4 Terminal Switch 
FTS Class 3 Switching Facility 
FTS Class 1 Switching Facility 
FTS Class 2 Switching Facility 
Fleet Weather Control 
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PESCRIPT LON 


Fleet Weather Facility 

Global Vommunications Bldg 
Ground Controlled Approach 
slobal Weather Center 

Joint Conmunications Center 
Joint CiiPicuM: Kelay Center 
Joint General Staff 

Joint Uperations Lenters 
Communications Long Lines Central Control 
Military assistance Advisory Group 
MAKS (Arny ) 

Marine Corps air Station 
Marine Aircraft Wing 

Marine Corps base 

Army Message ULenter 

Air Force Message Center 

Navy Message Center 

Nessage Leuter Facility 
Noverent ieport Control Center 
Hain Control Center 

USMC CME Post or Upns Cen 
Naster control Center station 
Main Control Station (Kad1o nelay or Wire) 
Main bistribution Frame 
‘ilitary Flight Service Center (NFSC) 
Missile Fire Unit 

Army Ninor kelay Station 

Air Force Minor kelay Station 
Navy Minor Kelay Station 
Movenent keport Center 
Microwave Kepeater Site 
AUTOLIN Auto Kelay Msg Sw Jnit 
Mobile Kado 

Naval Air Facility 

Naval Air Station 

Naval Base 

Naval Conmunication Facility 
Naval Communication Station 
Naval Commmication Unit 

Naval “lectronic Laboratory 
Nayal Facility 

Naval Uonmunicetions “ystems Hq 
Naval information venter 

Naval Gperating ase 

Naval iiadar 

Naval Kadio uffice 

Vietnanese Naval terminal 
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PRS 
PRT 
FRU 
PSB 
pro 
RAC 
RAN 
RAP 
PAS 
tAT 
KCC 
RCE 
RC 

RCV 
RCW 
KFA 
NLT 
RMA 
KNA 
RNZ 
ROC 
ROK 
RRC 
RRF 
RRS 
KSA 
RSE 
RVN 
SAC 
SAR 
SBA 
SBK 
SBL 
SBU 
SUA 
6CC 


DESCRIPT LON 


Fleet Action Control 

Uperations Lenter 

Overseas Connection 

Operations Lldg 

Upe:ations Uffice 

Operations Van 

Overseas Supply Agency (Army) 
Uverseas Switchboard 

CINC bacific Uperations Venter 
Veripheral site 

Army Hanor Primary welay station 
Air force Major Primary iielay station 
Navy Major Frimiry ielay station 
Press Switchbard 

Public information Office 

Naval Kiver Assault Center 

kadio Vietnam 

nAPCOM 

iadar site 

Radar Air Traffic Lontrol Center 
Rescue Coordination vLenter 

Army keceiver Station 

emote Communications vutlet 
Air Force iseceiver Station 

Navy Receiver Station 

Reports Center 

Radio Terminal (\//0 Tech Control) 
sadio hoom 

Operations itadio Waval Air Station 
Royal New Zealand Navy “essage Center 
Reconnaissance vUperations Center 
Korean Forces Commend 

emote ,Lontrol Center 

Regional ielay Facility 

Radio Kelay Station 

kadio Site 

Keceliver Site 

Kepublic Of Vietnam 

bAC Headquarters 

Sea ~ Air — Kescue Unit 

SiC Composite bldg 

Switchboard, ‘orean 

Signal Building 

Switchboird, Army 

AUTOVON Switching Facilities 

SsC Communications Center 
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DESCHIPT LON 


SAC Command Post 

Signal Tepot 

SCAN Data Terminal 

Signal Corps 

Squadron Uperataons Center 
Spintcom kealy/Terminal 

Signal Supply Agency 

Special Security ffice 

Staff Communications Office 
Satellite Control Center 

Satellite Operations Center 

SAC Tech Control 

Switchbard 

Switching Center other than AUTOVON 
MATS Switchboard 

SYNCOM Terminal (Def Sat Comm Sys 
Earth Terminal) 

Tactical Air Control Center 
Command Switchboard 

Tributary Station 

Air Force Tributary Station 

Navy Tributary Station 

Telephone Swbd (Tact) 

Telephone Swbd (Tact) 

Traffic Control Agency 

Transport Control Center 

Air Force technical Control Facility 
Army Facilities Control (STARCOM) 
Technical Control 

Tech Control Fac — Limited Lapability 
Conm Center/Term (Tact) 

Traffic Control Unit 

Comm Center/Term (Tact) 

Tech Control Fac without DEMOD Cavability 
Cdr Tactical Air Command (TAC) 
Technical intelligence Cenger 
DUS/Tactical Interface Point 
Tacticul Operations Center 
Transport Movement Center 
Transportable MW/Tropo/VHF Fac 
(W/Tech Control) 
Transmitter Site 

Telephone Toll Sw (Manual ) 
Transportation Traffic Coordinator 
Telecom Terminal Facility 

Command Post/Op Cen (Tact) 
Transportation Unit 

Control Tower 
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CODE DESCRIPTION 


TXL Army Transmitter Station 

TXM Air Force Transmitter Station 
TXO Navy Transmitter Station 

urs Unattended Transceiver Site 
VAF Vietnamese Air Force 

WFC Weather Forecast Center 

WOA Wing Communications Uffice 
WoC Wang Uperations Center 

WRC Weather Relay Center 

WSA Weather Station 

WSS Wing Command Post 

YAA Subscriber (NCMC) to AULOVON 
YAB Eata (NCMC SSB) to AULTOVON 
YAC Voice (NCMC SSB) to AUTOVON 
YBD Combat Center Primary Data 
YBG Combat Center FRX Access 

YBJ Combat Center Keceiving Voice Alert (DC) 
YBK Combat Center Conmander Conf. 
ZAR American Ked Cross 
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KR. ICS NUMERICAL SITE DESIGNATIONS 


SITE NO. 


09 
ll 
12 
13 
14 
15 
16 (164uF ) 


SITE NAME 


Ubon/Warin 

Vung Tau 

Pleiku 

Fhu Bai 

Da Nang 

Qui Nhon 

Nha Trang(Back Porch 
Area} 

Phu Lam 

Tan Son Nhut 

Bien Hoa 

Pr'Line 

Cam kanh Bay 

Vung Tau Air ase 

Can Tho 

Hue 

Chu Lai 

Fhan Thiet 

MACV 1 

Tuy Hoa 

New American Embassy 

Fhan itang 

Cam Ranh Bay Air Base 

Quang Ngai 

Soc Trang 

ha Nang Cable Term. 

Cam anh Cable Term. 

Vung Tau Cable Tern. 

Ban Ne Thuot 

An Khe 


SITE NO 


51 
61(16WW) 


Sattahip Cable Terminal 
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SITE NAME 


Qui Nhon Cable Terminal 
Nha Trang (Wet Wash Area) 
Quang Tri 

lion Tre Island 

Monkey Mountatn 


_Vung Chua Mountain 


New NACV (Gia Dinh) 
liong Cong Mountain 


Da Nang East 


Phu Cat 
Ninh Hoa 
Dong Ba Thin 
Dong Tai 
Long Binh 
pi An 

Cu Chi 
Phu Loi 
Vinh Long 
Sa Dec 
Long -uyen 


tach Gia 

Binh Thy 

Korat SOC 

Tan Son Nhut SO 
Bac Lieu 

fa Mau 

Qui Nhon Kok 
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G, GLG8SARY OF COMMUNICATIONS TERMS; 
NOTE: A move complete list given in DCAC 310-70-1 Vol IV, Glossary. 


ACU (Automatic Calling Unit): Unit capable of establishing a circuit con- 
nection upon input of a digital calling from an attached vrocessor. 


Alternate Routing: A secondary or backup circuit path; used if the normal 
routing is not possible (circuit failures or backlogs) 


Amplitude: The strength or magnitude of an electrical signal, usually 
expressed as voltage or vower. 


Amplitude Modulation: Variation of a carrier signal's strength (voltage 
and/or current), as a function of an information signal. 


Analog Signal: A non-discrete or continuous signal, the variations of 
which represent meaningful information. 


Answerback: The response of a data set or terminal to remote control 
signals. 


ASR_ (Automatic Send-Receive): A telegraphic terminal incornorating kev~ 
board, page printer, paver tave reader and vunch, and a shunt box 
capable of automatic control functions. 


Asynchronous Transmission (Also called start/stop): Transmission in which 


each intelligent character or byte is individually synchronized with 
a start signal. 


Attenuation: Reduction in the strength, or power, of a transmitted simmal, 
through circuit losses. 


Audio Frequency: A frequency within the range of human hearing (avvroxi- 
mately 15 to 20,000 Hz). 


Autodin (Automatic Digital Network): The data-handling portion of the 


military commmications svstem. 


Automatic Switching: Directs the transfer of traffic from incoming to 
outgoing circuits without manual intervention, 


Backporch: Original long lines tropospheric scatter system in Vietnam. 
Back to Back: A direct connection from the vf drov of one carrier to 


another, to enable a subscriber to check his equipment by receiving 
his own transmission, Also know as a "Loop Back", 
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Bandwidth: The difference in Hertz between high-and lowefrequency cut— 
off points, 


Baseband: The band of frequencies occupied bv transmitted and received 
signals at the interface between the wire or radio transmission 
and multipbex equipment, 


Baud: Unit of modulation rate, One baud is one unit interval ver second; 
it is the reciprocal of the duration in seconds of the unit interval, 


Baudot Code: 5=-bit telegraphic signalling code, incorooratins two shifts 
figures/letters) which provide 64 combinations: 52 data characters, 
which are identical in each shift. When transmitted, 1-bit start and 
1.42 bit stop intervals are added, giving 7.42-bit effective character 
length. 


Bits Contracting of "Binary Digit", the smallest unit of information, which 
is dual-state (one or zero, on or off, mark or svace). 


Bit Rate: Transmission speed, usually synonymous with "bits per second", 


Broadband Circuit, Channel: High bandwidth channel, using microwave or 
coaxial transmission facilities, 


Broadcast: Transmission to a number of receiving locations simultaneously, 
Bytes A data character. 
Cable: One or more conductors, insulated within a nrotective covering, 


Calling Sequence: A unique series of digits which establishes a circuit 
connecting to one station. 


Carrier: A continuous frequency, capable of being modulated, or impressed 
with a second (information-carrying) signal. 


Carrier System: A system of combining more than nne carrier frequency for 
simultaneous occupancy of a channel, and subsequertly senarating the 
component signals, 

CCSD: See Command Communications Services Designator, 


CDF: See Combined Distribution Frame, 


Central (Exchange): Switching facilities to allow interconn«cting of cir- 
cuits from various routes, 


CEO: See Circuit Engineering Order, 
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Channel: Electrical Circtsit 


Character: A digit, letter, or snecial symbo) (data); or uniave function 
control). 


Circuit (or Channel): A continuous vath for electrical transmission hetween 
two or more terminal points; may be a physical (wire) link, a radio 
link, or a combination. 


Circuit Engineering Order: DCA authorization to activate, change, or 
- discontinue a circuit or trunk. 


Circuit Layout Record (CLR): The engineering record of an individual 


circuit. Contains a detailed engineering sketch of the circuit 
and narrative descrivtive data, 


Q 


LR: See Circuit Layout Record. 
Circuit Switching: The process of establishing an electrical connection 
between two channels to allow transmission. 


Coaxial Cable: Two-conductor set, in which one conductor encircles and 
shields the other; provides better signal-to-noise and bandwidth 
characteristics than parallel-wire or twisted pairs. 


Q 


ode: A set of unique bit combinations assigned to represent characters. 


Combined Distribution Frame (CDF): A distribution frame used to terminate 


both lines entering and leaving a station and intra-station wiring. 
See Sect G, Chapter VII, 


Cormand Commnications Services Designator (CCSD): An eight digit alvha 
numeric code used to identify DCS circuits. 


Common Carrier: A company with a vested interest in providing com- 
munications services to the public. 


Common Control: In switching, a system wherein signalling is accepted 


from the calling subscriber and the desired connection is sub-= 
sequently established in the switch. 


Communication: The transfer of information between senarate points. 


Conditioning Equipment: Equipment necessary to match transmission levels, 
impedances, etc. of a circuit. 


Conductor: A metallic signal path (usually wire). 
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Cps: Cycles per second (obsolete). See Herts. 
Cross-Talk: Interference between adjacent communications channels. 


Cut-Off: The point of degradation, due to attenuation and/or distortion at 
which a signal becomes unusuable. 


Cutover: Term used to refer to circuit activations or realignments. 
Cycle: One complete oscillation (360 phase rotation) of a signal. 
Data: Information in the form of a code. 


Db: (Decibel) A logarithmic exvression of ratio. It is eoual to ten 
times the logarithm to the base ten of the ratio of two vower levels. 


dbm: Power level in decibels with reference to a nower of 1 milliwatt 


dbmO: Power y dbm (referred to a voint of zero relativity transmission 
level. 


DCA: Defense Communications Agency. A DOD agency which manages the long 
distance communications of the US Armed Forces. 


DCAC: Defense Communications Agency Circular. 


DCA=PAC: Defense Communications Agency Pacific, located in Hawaii. A 
subordinate command of DCA, responsible for the entire Pacifie area, 
including Southeast Asia. 


DCA-SAM: Defense Communications Agency-Southeast Asia Mainland. A 
subordinate command of DCA~PAC responsible for Southeast Asia Mainland. 
Located at Tan Son Nhut. 


DCO: Dial Central Office 


DC&: Defense Commnications System. Long distance cammnications system 
operated by DCA. 


DCS Reporting Station: A DCS station that submits revorts to DCA in 
accordance with DCAC 310-551, 


DCS Reported on Station: A DCS station that submits revorts to a DCS 
Reporting Station to be submitted to DCA in accordance with DCAC 


DCS Station: A commnications facility operated by a U. S. Military De- 
partment through which or to which DCS circuits are connected. 


DDD (Direct Distance Dialing): Dial-up connection, without operator 


assistance, to a point outside the user's local service area, 
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Demodulation: The process of recovering intelligence (data) from a carrier 
signals; the reverse of modulation. 


Dial-up: Establishment of a line connection by dialing a sequence of digits. 


Digital Signal: A discrete, or discontinuous signal; one whose various states 
are discrete intervals apart. 


Display: Visual representation of data. 
Distortion: Non-linear variation of the different components of a signal. 


Diversity: Method of transmission and/or reception designed to reduce 
the effects of fading. 


Duplex Circuit, Channel: Capable of simuitaneous transmission in both 
directions. 


EE Bldg: Electrical Equipment Building consisting of 2 rooms, an RF roan 
amd a Technical Control room, 


EOM (End of Message): A unique character, or sequence of characters, 
always used to terminate a message. 


Encoder: A device to alter the amount or format of information. 
Exchange: Centralized circuit switching equipment. 


Exchange Service: Interconnection, through switching, of two or more y 
custoner's cammnications equipment. . 


Extended Area Service: An exchange service which covers more than the local 
service area. 


FAX: Facsimile, transmission of images by a process of scanning and 
reconstruction, 


FCC (Federal Commnications Commission): U, S. Agency resvonsible for 


regulation of interstate communications services. 


Fieldata: A standardized military data transmission code, 7—data plus 1- 
parity bits. 


FIGS: "figures" shift, in a dual-case code. 


Four-Wire Circuit, Channel: Two-way circuit, with separate vairs for each 
direction of transmission. 
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Foreign Exchange Service: Comnection of a telephone to an exchange not 
normally serving the customer's location. 


Frequency: Rate of signal oscillation, in Hertz. 


Frequency Modulation: Variation of a carrier sipnal's frequency, as a 
function of an information signal. 


Frequency Domain: A way of representing electrical signals in which amplitude 
is indicated with respect to frenuencv. 


Full Duplex: A channel property whereby information can be transmitted in 
both directions independently and simultaneously, 


GROUP: A multichannel system subdivision. Normally comnrised of 12 voice 
channels (multiplexed) and occupying the frequency band 60-108 k¥z. 


Half-duplex Circuit, Channel: Capable of transmission in two directions, 
but not both simultaneously. 


Hard Copy: A machine-printed document. 


Header: The first part of a message, containing all necessarv routing 
information. 


Heavy Tropo: Tropo facilities of 10kw or more, 30-120 ft narabolic antennas, 
and equivped to handle 24 or more voice frequency channels bv use of 
multiplex equipment. 


Hertz (Hz): One complete positive and negative alternation of an alternating 
current. One Hertz is one cvcle ver second (cps)-the term Hertz is 
preferred. One kHz is 1000 Hz, one mPz is 1,090,000 Hz, etc. 


Home Loop: Data path, allowing off-line use of terminal comnonents. 


ICS : Integrated Communications System. Replaces the term IWCS 


In-Line: Processing in order of receivt, without prior grouning or sorting, 
of transactions. 


In-Plant System: A system whose varts, including remote-terminals, are all. 
situated in one building or localized area. 


Interface: The common boundary, or vhysical connection, between two devices 
or systems intercomnecting. 


IWS: Integrated Wideband Communications System. Wideband communications 
network serving Southeast Asia. Replaced by the term ICS 


Kilohertz: One thousand Hertz. 


KSR (Keyboard Send-Receive): Telegraphic terminal with keyboard and page 
printer. 
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Light Tropo: Tropo facilities of less than 10kw and handling 12-2) voice 
channels, 


Link: A portion of a camnunications circuit; a channel, or designed to 
be connected in tandem with other channels or circuits; a radio path 
between two points. ; 
Line Loop: Data path, in a terminal, connected to transmission facilities. 


Line Switching: See Circuit Switching. 


Local Distribution System: Portion of the SRAYRS providing subscriber 
access to long lines svstems. 


Local Loop: The circuit connecting a subscriber to a central exchange. 
Long Lines Systems: Portion of SEAWBS that connects designated nodal 
points with fixed plant, high cavacity, multichannel tronvospheric 


scatter, microwave or cable carrier svstems,. 


Loop: A single message circuit from a switching center and/or individual 
message distribution point to the terminals of an end instrument. 


Major Alarm: A signal indicating serious trouble in 4 communications system. 


Mark (As opposed to Space): Telegraphic term for one of two possible sienals 
on a circuit; normal, or closed-circuit, condition is "marking", 


Master Station: A terminal having selection control of all other terminals 
on a multipoint circuit. 


Medium: The physical entity through which electrical enerev is transmitted. 
Medium Tropo: Tropo facilities of 10 kw and handling 2h voice channels, 
Megahertz: One million hertz, 


Message: A sequence of words or symbols which is complete in itself; 
typically consists of header, text and ECM. 


Message Routing: The process of selecting the correct circuit path for a 
message. 


Message Switching: The process of receiving, temporarily storing and 
forwarding a message, by a central location. 


Microwave: Super-high radio frequency; nominally, 1,000 to 300,990 mega- 
hertz, 


Minor Alarm: A signal indicating a fault in a communications system which 
has not degraded traffic handling capability. 
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Mod/Demod, Modem: Abbreviations for modulator/demodulator. 


Modulation: A process for varying one or more characteristics {freauencv, 
amplitude, phase) of a carrier signal with an information sienal. 


Multiple-Address (Message): A message to be delivered to more than one 
location. 


Multiplexing: The process of sharing one facilitv amorg several users bv 
time and/or space division. 


Multipoint, Multistation: A circuit havine multinle stations connected. 


Networks: A svstem of connected noints; as, terminals connected hy commuri- 
cations channels and some form of exchange. 


Nodal Point: A location to which several stations are connected hv commini- 
cations channels. 


Noise: An undesired signal, 

CDM: See Overations Directive Messare, 

Off-Line: Not connected to tre transmission facility ‘line’, 

On-call Circuit: A circuit activated only on request of the user. 

Cn-Line: Directlv connected to a central vrocessor. 

Cnerations Directive Messace (ODM): DCA messare directine action or 
reauesting additional information involving onerational restonsive- 
ness of the DCS, 

Parallel Transrission: Simultaneous trarsvission of the bits makins un 
a character or byte, either over separate channels or on different 
carrier frequencies on one channel. 


Perforator: A manuallv operated or directed paver tane punch. 


Phase Modulation: Control of the phase, or timing, of a carrier sieral bv 
an information signal. 


Pre-empotion: Seizure of a circuit to restore a higher nriorityv circuit 


Priority Indicators: Groun of characters which indicate the relative urgency 
of a message, 


Pulse Modulation: Transmission of information bv modulstion of a vulsed, 


or intermittent, carrier; nulse width, court, phase, and/or ampolitude 
may be the varied characteristic. 
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Relay Center: A message exchange noint between circuits. 


Remote: A terminal located at some distance from a central svstem. »y 
Repeater: A device used to regenerate signals on a communications circuit. 
Reperforator: A line-onerated paver tane punch. 


Reroute: To substitute a channel or channels when original channel or 
channels fail. 


Restoration: Re-establishment of cormunications service. 


Restoration Prioritv: An alpha-numberical des‘ enation establishine a 
means of determination of the order of circuit restoration. 


RO (Receive Only): A telepravhic terminal with receivine circuits and a 
page printer. 


ROTR (Receive Only Typing Renerforater): A telegraph terminal with a 


receiving tape punch which also prints characters directly on the tane. 


Routing: Assignment of a message to the proper circuit to reach an 
addressee, 


Routing Indicator: An address in 1 messase header, showing the destination 
circuit or terminal. 


RT (Reperforating Transmitter): Telegranhic terminal ircorroratine a vaver ) 


tape vunch (receive) and reader (transmit). 
SEAWBS: Southeast Asia Wideband Svstem, 


Selection: Addressing terminal and/or comnonents on a Selective Calling 
Circuit. 


Selective Calling: The ability to address one, or a selected sroun, of 
multiple terminals on a circuit. 


Semiautomatic Switching: Transfer of traffic from incomine +o out soing 
circuits under operator control (usually vcush-button). 


Side Band: In a modulated carrier, those frecuency comnonents above and 
below the carrier frequencv, which contain the information being 
transmitted. 

Signal: Information in the form of electrical nower. 


Signal-to-Noise Ratio: Relative vower of signal to the noise in a channel. 


Simplex Circuit, Channel: One-way transmission, not capable of being 
reversed. 
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Single-Address(Message): A message to be delivered to only one location. 


Single Sideband: Transmission technique in which the carrier and one 
sideband are suppressed; used to conserve power, since one sideband 
contains all the information which was impressed on the carrier 
originally. 


Space (As opposed to Mark): Telegraphic term for one of two vossible 
signals on a circuit; transferred, or oven-circuit, condition is 


"spacing", 


Space Division: In switching, a method whereby switching is accomnlished 
by the provision of separate physical paths. 


Start-Stop: Asynchronous transmission. 


Station: An installation where electrical communications are originated 
and/or terminated, 


Sub-Voice Circuit, Channel: A circuit with narrow bandwidth, usually 
200 baud or less; may be a subdivision of a voice circuit. 


Supergroup: A multiplex division, having normally 60 channels of a 
Wideband path (five, 12 channels GROUPS) and occupying the frequency 
band, 312-552 kHz. 


Supervision: Information provided to control the provision of service by 
a switching system. This includes, for example the "off-hook" or 
demand-for-service signal. 


Switch: A means of directing information from one channel to another, 
as desired, under local or remote control. 


Switching Center: A location which terminates multivle circuits and is 


capable of transferring traffic between them; may be automatic, 
semi-automatic, or torn-tape. 


Synchronous Transmission: Continuous bit-stream transmission, with no 
start-of-character identification. 


Terminal: Any device capable of sending and/or receiving information over 
a communication channel. 


Terminal Facility: A communications facility where channels may be tested, 
rerouted or terminated. 


Text: The information portion of a message. 
Through-Grouping: The interconnection of a wideband GROUP (12 channels, 


mux) from one radio trunk to another either bv use of filters or 
switching. 
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Tie-Line: A leased channel, usually voice-srade. 


Time Division Switchine: “witching accanplished through the multivlexing 
of several channels onto a time-shared path with time association 
of the channels to be connected. 


Time Domain: A way of representing electrical signels in which amnlitude 
is indicated with resvect to tire. 


Tone pack: See Yoice Frequency Carrier Telegranvh. 


ene acre: me pete ee 


Torn-Tape Switching: Manual transfer of vunched tanve from incoming circuits 
to outgoing circuits. 


Touch-Tone: Circuit connection technique utilizing 2 set of frenuercies, 


om es eta met 


instead of nulses, to represent disits; nushhuttons are used for 
input, instead of a dial mechanism, 


Traffic: Data or messages in a communications system. 
Transceiver: A terminal capable of both transmitting and receiving traffic. 
Transmission: The electrical transfer of information between two voints. 


Trunk: A single or multi-channel communications medium between two 
terminal facilities. 


Trunk Designator: Six vosition alpha numeric code indentifyine a trunk. 
TITY: Abbreviation for teletype, often used to mean telerranhic. 


Turnaround Time: The time necessary to reverse the direction of a half- 
duplex circuit, data set and/or terminal. 


Two-Wire Circuit, Channel: Single nair transmission vath, canable of 
operation in one direction at a time; may be simplex or half-duvlex. 


TWX (Teletvpewriter Exchange Service): AT&T's switched network for inter- 


connecting teletypewriter subscribers, in U. S. and Canada. 


UHF (Ultra-High Frequency): A radio signal in the range of 300 - 3,990 
megahertz. 


FCT: See Voice Frequency Carrier Telegraph 


Video: An electrical signal capnable of representing television or a 
channel capable of transmitting television (nominally about five 
megahertz of bandwidth)e 


Voice Circuit, Channel: A circuit with sufficient bandwidth to vermit 
' transmission of intelligible sneech as an analog signal. 
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Voice Frecuency Carrier Telegravh (VFCT): 4 number of teletvne signals 


that are converted to one comnosite tone in the voice frenuencv range. 


Wet, Mash’ Undersea cable svstem between Wha Trane and Clark AFR, Philippines. 
ended to Sairon by an AN/MRC-85 svstem. 
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